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FOREWORD

eo———

The debate concerning the effects of marihuana has nvolved dis-
cussion by citizens and experts in virtually every part of the country.
The Subcommittee on Alooholism and Narcotics of the Senate Com-
mittee on Labor and Public Welfare. which is charged with the pre-
liminary handling of reports and legislation in the drug abuse ﬁels, is
deeply interested in the debate.

This document, “Marihuana and Health, A Report to the Congress
from the Sécretary, Departament of Health, Education, and Welfare,”
which has been transmitted to the Congress and referred to this com-

mittee provides much information about this controversial drug to our
citizens for their education and enlightcnment. It will also be of great
interest to Members of Congress and to State and local officials who are
charged with making and recommending public policy concerning
the use of marihuana.

The reggt is timely and useful and T am pleased to make it avail-
able for distribution. It does not necessarily relect tho views of the
members of the committee.

~ A. WLiaMs, Jr,

Hazxiro
Chairman,Commiticc on Labor ond Public Wel fare.
(D
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LETTER OF TRANSMITTAL

U.S. Sexate,
Coxntrer ox Lanor Axo Pusric WeLrare,
Washington, D.C., February 23,1971.

Hon. Harrisoxy WrLtams, Jr.,

Chairman, Committee on Labor and Public Welfare,
XNewr Senate Ofice Building,

Washington, D.C.

Drear Mz CramrxaN : Present figrures indicate that eight to twelve
millica Americans have had some experierce with marihuana, and
the use of the drug continues to grow, especialiv among our young

le. As the usage of marihuana continues to increase, so seemingly
o the cia’is concerning the effects of the drug.

A: you know, the Committee on Labor and Public Welfare felt
that a report by the Secretary of Health, Education and Weifare
:ontaining current information on the health consequences of using
marihuana, and whatever reccommendations for legislative and ad-
minietrative action that the Secretary felt were appropriate, would

rove to be a useful tool in the public debate on this issue, would be

Ipful as a matter of public information and education, and would
stimulate additional rescarch co:.verning marihnana in those areas
which nced furioer attention. Coisequently, the Committee recom-
mended the enactment of the Marihuana and Health Reporting Ast
to the 91st Cangress. The legrislation was subsequently ¢nacted as title
V of Public Law 9.-296 and became law on June 3. 1970,

I am convinced that the reports made under the authority of this
new legislation will prove to be valuabia tools in the public educa-
tion and debate concerning the health i:pact of thic widely discussed
drug. C v, I am pleased to transmit this latest Marihuans
and Healta Report to you and t2 recommend its distribution by the
Committee.

Sincerely,
Harowo E. Hocurs,
Chairman, Subcommittee Alcoholism and XNarcolics.

(14




Submission of Report

Tue Sccrerary or e, Epccatiox, Axp WELFARY,
Washington, D.C., February 1,1571.
Hon. Semo T. Acnrw,
President of the Senate,
Washington, D.C.

Dear Mz, Pres:oext: This report, “Mariliuana and Health,” is be-
ing submitted in accordance with Title " of Public Law $1-296, the
“Marihuana and Health Reporting Act.”

This is the first of the requir-(i’ annua! reports to the Congress on
the health consequences of marihuana usage. The report represents
a summary of current scientific knosledge regarding marih ;ana usage
and its effects on man. However, since there 2me many unanswered
questions regarding marihuana, particaiarly those regarding long-
term use, this report cannot be considered = definitive Gocument on the
health consequences of this most controversial drugr.

The marihuana research progr=:a within the Department of Healtk,
Y.ducation, and Welfare has ficen accelerated zand is concentrating on
those arcas where information 18 most iacking. It is anticipated that
additional information from these studies will enable us in subsequent
roports to assess more compreliensively the health implications of
mar:huana usage.

Stncerely,
Eutior L. RiciiarnsoN,
Seereta y.
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INTRODUCTION

This report has been prepared in accordance with the “Mariluana
and Health Report Act” (’IIx,lﬁe V of P.L. 91-296) which requires sub-
mission by the tary of Health, Education, and Welfare of annual
reports to the Congress on the health consequences of marihuana

Unlike the preliminary report of September 1970, which more
briefly outlined the nature of the research questions currently being
posed and the Federal program designed to elicit some of the answers,
the present report is designed to summarize the current status of our
knowledge of the health consequences of marihuana use. “Health con-
sequences” for the purposes of this document include not only the
effecis of the drug on the individual’s physical and psychological
health but also the effects on cannabis use on the society.

As was indicated in the report of September 1970, the health pic-
ture with respect to marihuana must at present be regardec as frag-
mentary and cearly incomplete. Many of the most important questions
regarding the implications of long-term, chronic use will requg;es:x;fni-
ficant periods ofp time to answer. Extrapolation from data on
cultures in many significantly different from our own is in-
evitably hazardous. The picture is further complicated by the degree
to which drugs as actua ynsedinagivensocietydiﬁ'erfromdpure
laboratory chemicals. Thus, we are forced to rely on lines of evidence
each in itself admittedly incomplete but which taken together will
ultimately converge toward reliable and valid conclusions regarding
marihuana and health.

SoUrCES oF INFORAMATION

A wide variety of sources of information have been used in pre-
paring this report. Careful consideration has been given to the con-
vers;r;w of evidence to support a particular finding; or, in the absence
of this, the confidence placed in the statement has been accordingly
reduced. It should be noted that the information upon which this re-
port is based includes both published and unpublished reports from
grantees of the National Institute of Mental Health and investigators
who were supplied with quantities of marihuana (in various forms
and potencies), and who, in turn, have shared the results of their
research with us.

Published results of surveys, studies and experiments from many
scientiilisc, sources have beeln ca;efully reviewed. Selected articles from
journals, newspaper articles of high quality, government reports con-
cerning marihuana use in other countries, ranging from Indian
Hemp Commission of the last.cen to the recent Le Dain Com-
mission of Canada, have also been and provide a %ecture of mari-
huana use in other regions of the new and old world. Reports of con-
sultants, as well as the proceedings of various symposia and confer-
ences, have been studied.

1
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It is impOrtant to recognize that any one source of information is
inevitably Subject to limitations inherent in the research design. Thus,
no single Study can be regarded as definitive. Conclusions that are
drawn or Persistent uncertainties are a function of the information
available at any given point in time. Final judgments, given our pres-
ent limitatlon of knowledge, are not possible at this time. A balanced
objective alalysis of the health implications of marihuana must con-
sist of a selles of successive approximations as our information be-
comes incre2singly complete. . : ‘ =

In order tobe of value to the more scientifically sophisticated reader,
some port1ONs of this report are inevitably technical. ‘Wherever these
technical pOTtions have lent themselves readily to translation into more
widely understood language, this has been ‘done. In some portions,
notably thoSe on the chemical characteristics of natural and synthetic
materials, IR which such a translation is neither readily possible nor
essential to & general understanding of the report, no such -attempt
has been made. In this way it is hoped that the report will meet both

the needs of the general reader and to some extent those of the tech-

nically sophisticated as well.

U
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o : SUMM ARY' |

In this, the first detailed report to the Congress on Marihuana and
Health, «n attempt has been made to accurately describe the present
state of our scientific knowledge concerning this. issue. Not unlike a
rather elaborate jigsaw.puzzle, however, there are many research
“pieces” whose relation to one another is not obvious. Moreover, many
of the most important pieces that are required are not yet available.
Some of the technical data that have been accumulated remain obscure
for the present, particularly in providing a picture comprehensible to
the layman. The ultimate meaning of past, present and future research
will only become clearer as the varlous parts can be related to an
emerging whole. C : .

The purpose of this summary is to try to translate the present dis-
parate elements into as reasonable an answer as can currently be framed
to the question : What are the health implications of marihuana use for
the American people? It does not attempt to evaluate broader legal,
economic or social issues including the consequences of law enforce-
ment for personal marihuana use even though they are important and
must be considered in a complete discussion oz the overall problem.

As we examine the drug in its various natural and synthetic forms,
it becomes evident that the deceptively simple question posed is really
highly complex in that marihuana is not a single, simple substance of
uniform type. It consists of vary‘i.nimixtum of different parts of the
plant, Cannabis sativa, with psychoactive properties ranging from
virtually nonexistent to decidedly hallucinogenic in its stronger “~rms
and at higher doses. Unfortunately, much of the discussion in la, &
sometimes scientific fornms ignores this very basic and important 1. .c.
Most of our American experience has been limited to the widespread
relatively infrequent use of a rather weak form of marihuana. Early
research dealing with the drug is inevitably faulted by the fact that 1t
is difficult to be certain just what potency material was involved and
at what dose level. Although the principal active ingredient in the

lant is thought to be Delta-9-tetrahydrocannabinol, much remains to
learned about the chemistry of marihuana and related substances.

Even the form in which the drug is consumed may malke a difference
in the consequences of use. It is quite possible, for example, that when
smoked the material taken into the body differs significantly from
orally consumed drug. The route of absorption, whether through the
lungs or the digestive tract, may also make a significant difference in
the consequences of use.

Virtually all of the American data indicate that use of marihuana
has rapidly increased over the past several years. While the number
of those whe have tried the substance at some point in their lives re-
mains a minerity of the population it is continuing to increase rapidly.
In some high school or college settings it is virtually certain that a
majorty have at least tried maribuana. By the end of 1970 about one

3)
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college student in seven was using it on a weekly or more fm'iuont
basis. High school use has generally lagged behind that of colleges
and universities, although in areas of high use as many asa third to s
half have experimented wwith it. While comparabic data are not avais-
able 1or non-school attending youth, there is reason to believe that
their levels of usc are at least comparable and for school dropouts are
probably higher. In some west coast high schools which have had rela-
tively high Jevels of use there is evidence that the increase in use may
be decelerating and even declining. The likelihood of continuingz, per-
sistent use over an ex.ended period of time by large numbers is not
known at the present time.

Middle class users have tended to be individuals from higher income
families attending larger, non-religiously affiliated urban universities
rather than small, denominational colleges. However, as the number
of users increases they become less clearly distinguishable from the
more general youthful population. As use becomes more widespread
there 1s reason to belicve still ycunger as well as older populations are
becoming involved. i

Rather than being restricted to our own affluent society, marihuara
use as a recent source of concern is a problem in many countries of tae
world. In at Jeast three other Englisl‘n)-spuking countries this concern
has led to the appointment of commissions to examine the problem and
to issue reports (Canada, England and New Zealand). While in 1958
the United Nations Commission of Narcotic Drugs estimsated that over
two hunded million people made regular use of cannabis, it is very
likely the number is now substantially larger.

The bulk of this report makes clear that aithough there is much yet
to be learned about cannabis, there is a substantial body of inform..tion
presently available. Much of it is, however, of only limited immeciate
relevance to the question of the long-term health implications of use.

Sursecrrve EFFecTs

A range of studies have been conducted of the 's acute effects.
As is true of other drugs, generally the effects are closely related to
the amount that is consumed. There is general agreement that at the
usual Jevels of social usage the typical subjective effects are: Alteration
of time and space perception, sense of euphoria, relaxation, well being
and disinhibition, dulling of attention, fragmentation of thought,
impaired immediate memory, an altered sense of identity, exaggerated
laughter and increased suggestibility. Other less common effects are
dizziness, 2 feeling of lightness, nausea, and hunger. As doses higher
than the typical social dose are consumed more pronounced thought
distortions may occur including a disrupted sense of one’s own body,
a sense of personal unreality, visual distortions, sometimes hallucina-
tions and paranoid thinking. The more marked distortions of reality
or psychotic-like sym;])toms become 1 ingly common if the dosag
used becomes extremely high. Most users smoke to the point of “high”
which they find pleasurable and at which they are able to control the
effect. It is, however, difficult to predict individual reactions. Rarely,
individuals may become quite anxious or panicky on even low doses
When ealtfen,' efiects are less predictable and more difficult for the user
to contro

"
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In addition to the amount of the drug that is consumedl, the ot and
setting of use are important factors in determining marihuana's sub-
mm'c effects. Set refers to the attitudes, mood, expectations and

iefs which the individual bringy to the drug using cxperience, Set-
ting represents the external circumstances surrounding the experience.
Thus a relatively emotionally neutral luboratory setting may evoke
very different responses at a given dose level than might a more typical
setting of social nsame surrounded by other drie users, A «ituntion
in which the individual is depressed or apprehensive about the drug’s
effects differs markedly from one in whic{: the user is more sanguine
and looks forward to the drug experience with eager anticipation.
Degree of personality integration, psychological rigidity and the
presence or absence of psychopatholozy are all important contributors
to one’s subjective reactions to marihuana or other psychoactive drugs.

These psychological aspects also play a role in what is often referred
to as the “placebo effect.” The placebo effect is the response to a
substance based not on its pharmacological activity but on the totality
of expectations brought about by the set and setting of use. It is not
uncommon for individuals consuminﬁla choactively inert material
to experience subjective effects whi ey erroneously attribute to
an active drug. The placebo effect may complicate results in a Jabora-
tory setting. Particularly at low doses, it may be difficult to be certain
:% e\:}é:.;t extent an effect is brought about by the drug itself or placebo
Poxsiorocrear Errecrs or Actre Marmuaxa Use

Physiological changes accompanying marihuana use at typical levels
of American social usage are relatively few. One of the most consistent
is an increase in pulse rate. Another is a reddening of the eves at the
time of nse. Dryness of the mouth and throat are uniformly reported.
Although enlargement of the pupils was an earlier impression, more
careful study has indicated that this does not occur. Blood pressure ef-
fects have been inconsistent. Some have reported slizhtly lowered bloed
pressure while others have reported small increases. Basal metabolic
rate, temperature, respiration rate, Jung vital capacity and a wide
range of other physiological measures are generally unchanged over a
relatively wide dcsage range of both marihuana and the synthetic
form of the principal psycho-active agent, Delta-9-THC.

. Neurological examinations consisteptly reveal no major abnormali-
ties during marihuana intoxication. However. some investizators have
found a small decrease in leg, hand and finger strength at higher
dosages. Some decrease in hand steadiness and the ability to maintain
balance occurs as dosages increase. Although users often report en-
hanced sensory awareness in the drugged state, objectively measurable
improvements in visual acuity, brightness discrimination, touch dis-
crimination, auditory acuity, olfactery threshold or taste discrimina-
tion have not been found. Some small changes in el halo-
graph (EEG) findings have been detected but the significance of these
resuits is in doubt. .

From the standpoint of lethality, cannabis products must be counte®
among the safer of the drugs in wid use. Death directly at-
gﬁbnublewthedmg’seﬂmisextrandymreevmatveryiigh

0Ses. :
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Acvure Psycrorio Ermsopes

Acuto psychotic episodes precipitated by marihuana. intoxication
havo been reported by a number of xnvesd?zom. These appear to
occur infrequently, usually at high dosages, but may occur, even at
levels of social usage, in particularly susceptible individuals. Height-
enod susceptibility appears to be more likely in those who have pre-
viously had s marginal psychological adjustment especially in the
presence of excess.ve stress,

INTeLLECTUAL AND MoTor Prrromraxce

Changes in time sense have definitely been shown to take place during
marihuana intoxication. There is & tendency to overestimate the pas-
sage of time particularly while engaged in some act.z‘v:ﬁy -

A wide range of tests of intellectual functioning and of psychomotor
performance (the ability to precisely coordinate sensory perception
of infomication, s might. b stpecies, che g of mmatmenn
of intoxication. of impai is
dose related. It also varies during f.‘l::jpenod of intoxication. _

Generally, the more complex demanding the task to be per-
formed the greater is the degree of impairmeat. Simple and very
familiar tasks such as reciting the alphabet or repeating a brief series
of numbers are least likely tc be affected at relat:vely low dose levels.
As the task becomes more complicated, however, decrements in per-
formance do become apparent. icnced users terd to show great-
er decrements than do experienced marihuana users.

Because of the importance the automobile assumes in our society, the
effect of marihuana on driving performance is of fundamental interest.
One widely reported finding using a driver simulator was that the
performance of marihuana using drivers was on the average
to that of a non-intoxicated control group. It is, however, important
to note that this was based on a single study of intoxicated drivers
under test conditions that might be expected to be lnghlg motivati F
In addition, half the driversin the experimental gmt;gdi more poorly
than did the control group. This suggests that the ability to compen-
sate for the effects of uans—to supprees the “high”—may differ
markedly from individual to individual. The relevance of this work
to more typical driving conditions is not known. .

It is noteworthy thst in another series of stedies not directly con-
cerned with driving, marihuana intoxicated subjects consistently an-

“No!” when asked, “Do you think you could drive & car
now {”. Preliminary results of a study of attention skills believed to be
among the best predictors of actual driving performance have shown
performance decrements under marihuana use similar to those found
when drivers have consumed moderate amounts of alcohol. Additional
much needed research on driver performance and other complex motor
tasks is currently in progress. . | .

Marihuana users consistently report that their short-term and im-
mediate memory while under the influence of the drug is interfered
with. Systematic research evaluation generally confirms this. More
complex functions such as learning a number code, using such a code
for encoding a series of numbers, understanding a written paragraph

<3 N
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or speechmnllinterfercd with cven at the moderate lovels
of typical American social usage. This is believed to reflect difficulty
in retaining, coordinating and indexing over time those memories, per-
ceptions and expectations demanded by the task being performed.

MARIBUANA AXD Bt Drrecrs

into wide use is

A basic concern with any dm?eulw
the possibility that it may affect mortality or fetal development
i.e. may be teratogenic) in such a “:Lo“ to bring about abno
offspring of pregnant users. It ma conceivably affect unborn

generations by causing chromoeo. changes (i.c. may be mut =nic)
that persistently alter the ge™atic beritage. Thus far there is little evi-
dence that manhuana or related materials do this. YWhile preliminary
studies of the effects of injectms relatively large quantities of abis
or related substances have found somo indication of fetal abnormalities
in rats. other researchers have been unable to duplicate such findings.
There isnoevidencatosuggstthatmuihnananscinhumamd{ecgs
fetal development. Despite the present absence of such evidence, 1t 18
obviously unwise for anyone to use axcxgﬂdrug of unknown teratogeinc
or mutagenic properties during the child bearing years. Use during

preguancy is particalarly unwise.
Errects or Loxe-Texae CrroNIC Use

Whileagooddenlisknownaboutthewuteeﬁ'edofcnnnabisuse
and the laboratory findings to date generally correlate well with user
reports, much less is known about the implications of long term

chronic use. Marihuana has been admini to humans for extended
periods in only a few experimental studies. The riods of admi -
tion have been limited to at most a few In addition, early

studies of both acute and chronic use bave provided no indication of
the exact amounts of psychoactive material involved and so it is diffi-
cult to compare earlier findings with those of contempomrg

ing = period of just under six weeks, one investigator ound only

During =

small physiological changes in & group of prisoners who were per-
mitted to consume the drug freely in whatever quantity they chose.
A daily mean of 17 cigarcttes each was consumed. Theze was some mild

confusion during the period of continued intoxication with slight im-

sympt;ms precipitated by discontinnance of the drug) after this durs-
uonof use. : :

It should be emphasized that early attempts at evaluating the ef-
fects of long-term use of cannabis suffer from multiple scientific
Jefects. Whether they tend to indict or to absolve cannabis from cnus-
ing chronic physical or chosoda!emxsequenmit}sdxﬁculttobe
eertain of the validity of their observations. The Indian Hemp Com-
mission for example, »1th s careful, systematic study for
its day. (the 1890's), can lardl regarded as I modern
epidemiological research standa.rgs. Subsequent studies such as those
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of the group appointed by the then Mayor LaGuardia in New York
can also be easily faulted for their scientific deficiencics. While
psychoses presumably resulting from heavy cannabis use have besn
repom these studies do not generally meet modern scientific
standa

The fact that there are many worldwide reports of heavy, chronic
cannabis use resulting in loss of conventional motivation and in social
indiffcrence is of particular interest in that there are now some reports
of somewhat simiar findings among American heavy users of man-
huana. Unfortunately, American use patterns are frequently con-
taminated by the use of other drug substances, making interpretation
difficult. It i not certain to what degree this “amotivational syndrome”
is the result of marihuana use per s¢ or of a tend for those who
Iack conventional motivation to find drugs unusually attractive. If
one confines his use of the term to a description of the present American
scene one must conclude that present evidence does not permit the
establisnment of a causal relationship between marihuans use and the
amotivations}! syndrome. There is, however, increasing evidence that
frequent, heavy marihuana use is correlated with a loss of interest in
conventional goals and the development of a kind of lethargy. Research
in humans is being conducted in an attempt to determine to what
extent this observed correlation is due to an alteration in brain
functioning.

The issue of long-term mental deficit is an exceedingly complex one.
The lack of sufficiently sophisticated methodology may be crucial.
The problem of determining harmful effects of chronic drug use and
especially psychological harm is very difficult. Unless “he type of
deficit is distinctive or dramatic, it is likely that the same sym%toms
will be exhibited by many non-drug users. Furthermore, if the
dora to the user is not so gross as to be noticeable in a higher percentage
of users, iQmaymdﬂybeam'bntedwsuchotherfnaomasm
poor nutrition. Tobacco furnishes an apt example of the di
encountered in d:termining even the physical hazards of use. It was
only after many years of use by a substantial segment of the populs-
tion that the role of smoking in the development of various types of
diseases was recognized. It should be noted that corcern has beea
expressed that marihuana when smoked in large quantities might be

expected to have similar carcinogenic effects to those with
cigaretie smoking. There is, however, no present evidence to suggest
that marihuana is cancer-producing.

MarmrvANA AND THZ Use or OrHER DrUGs

_It is generally conceded that marihuana use does not necessarily lead
directly to the use of other drugs. On a worldwide basis there is little
evidence of & progression from the use of marihuana to that of opiates
or hallucinogens. However, those who find use of marihuans highly
attractive, may also be attracted to the use of other drug substances
which may be popular among their These may include stronger
hallucinogens, amphetamines and opiates. Whﬁ' it is true that &
high percentage of heroin addicts have used marihuans as well, most
marihuana users both here and abroad do not appear to be attracted
to the use of heroiz.

46
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Forore Researkenr Direcrions

It is ovident that much remains to be learned sbout marikuana,
hashish and related materials. Little is as yet known about the implica-
tions of chronic use particularly at lower dose levels and less irequent
intervale. Although much ¢an be learned from animal research, in the
final analysis the moest crucial infoimaiion with respect to long-term
human usc can only be obtaired by careful obxervations of chronically
using groups here and abroad. Such research is currently being carried
out.

It is important that we Jearn more about the possibie in:iractions
between marihuane and & wide range of other These include
not only such drug, substances as catfcine, tobacco and aleohol, but alzo
other drugs of abuse and a wide spectrum of therapeutically employed
drugs. As use of marihuana comes to include a wider spectrum of the
population it is important that we learn its effects on tihose whose
physiological functioning is to some degree impaired or who sufler
from physical or psvchological disabilities, Such eflects must be studied
over a wide dosage range and in various use patterns.

From a psychosocial point of view it is essential that we come to
better understand the different patierns of drug use, their implications
for social functioning and those factors which contribute to such use.
These include tal attitudes, chiid resring gractices and peer
pressures as well as those aspects of subcultural and cultural practices
that may affect use. Finally, it is imperative thet we determine what
are the more effective prevention and education techniques that may
serve to avert drug abuse of all types including that of marihuana.

s ird
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THE NATURAL AND SYNTHETIC MATERIAL

As filli(:itl_v,v a?h;i what is callold marihua';xla i;x l:}thnited States cu;:g
vary from carefully prepared plant material of high potency to psy
uct!g'el y inert muten}a)ls masquerading as marihuana. Such :durtivnnts
as catnip, oregano and tea are sometimes part of the mixture in order
to increase the profit of the seller. The less sophisticated the buyer the
more likely he is to obtain inferior or substitute material. Because of
the important role that psychological factors play in the effect of

choactive drugs. users may obtain a subjective hizh even though the
su used is actually inert or very nearly so. Thus it is important
to recognize at the outsct that marihuana and related materals en-
com an unusually wide range of substances with highly variable
psychoactive potential. At least part of the current emotionally
charged debate over this group of substances is the result of a failure
to adequately specify the material both by dosage and level of grcho—
activity, usnally expressed in terms of the percentage of Delta 9-THC

(the presumed princi hoactive ingredient) contained in a given
mmp?e. Mostegrlym:mﬂ'm from the serious deficiency it

is impossible to be certain what doeage and potency of material were
Praxt MaTeriaL

What is commanly called marihuana in North America consists of a
mixture of crushed leaves, flowers and often twigs of the Indian hem
plant. This herbaceous annual readily grows in tem andtmpi&
climates in many parts of the world including the United States, and
can reach 15-20 feet in t (4). Alth there are many varieties,
it is now generally that they all belong to a single species,
Cannabis Sativa, which exhibit variations because of genetic plasticity
and different environmental conditions (13). Cannabis is dicecious, i.e.,
1t has separate male (staminate) and female (pistillate) plants. The
male plants are taller and short lived, vsually dying after their pollen
13 shed. The female plants are bushier, pollinate and survive until
killed by frost or their seeds are fully mature. Both types are indis-
tinguishable until the flower buds are well developed. Male flower
clusters usually harve little foliage and are borne in leaf axils as loosely
arranged clusters. The female clusters ere more densely Com-
plete descriptions of the morphology and botanical isti
of Cannabis sativa have been published (12, 8, 14). The ﬂom
of the female plant secrete a clear, varnish-like resin called ish™
in the West and “charas™ in India. They contain the most concentrated
ps_Ec l);sve ol lant materials of varyin

annabis pre tions containing plant ials o ing po-
tency include bm and &gb(lgd?a), maconha (Brazil), kif and
da%{f&fnca . The two 1S preparations most commonly used
n nited are native or imported marih 1

(13)
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hashish. It is well known that marihuana from differentarens differs in
potency and that drug users prefor certain sources for their l}lighcr
{mtcncy. Preferred yf:es are: “Panama Red, Acapulco Gold, Texas

dack and Vietnam Red.” Using analytical ;methods such as gas
chromatography, it is now possible to relate the differcnces in potency
to the differences in the chemieal composition of marihuana from these
various sonrces. It has heen shown that the amount and ratio.of the
components in marihuana are a function of innate botanical (genetic)
factors and conditions of growth. The mode of preparation of the
crude plant material and the conditions of its storage, such as exposure
to heat and clapsed time since harvesting are also important. -

Cannabis has spread throughout the Unite} States along the major:
rivers and there is a correlation between Cannabis distribution and
alluvial stream deposits in areas of the plain states where intermittent
flooding occurs (6). e : -

Contrary to prior beliefs, recent investizations have shown that
hoth the male and female plants contain psychoactive material (16).
The various parts of the plants differ, however, in the percentage of
active principles they contain, with the flowering tops, bracts and leaves
having the hizhest percentage of tetrahydrocannabinols, and the stems,
sceds and roots the least. The mode of preparation of marihuana be-
comes, therefore, quite important. A “carefully manicured” sample
containing mostly the upper parts of the plant is typically more potent
than one containing = higher proportion of stems sud leaves. The
resin itself contains five to ten times more psychoactive ingredient
than the leaves.

It is now believed that there are two genotypes of marihuana—
the drug type with a high percentage of tetrahydrocannabinol (1-5%)
and the fiber type with a high percentage of cannabidiol (17). Analysis
of wild Midwestern marihuana (Iowa, Indiana) has shown that the
plants contained predominantly cannabidiol (CBD) with only small
amounts of THC. Cyclic peaking of cannabidiol occurs during the
srowing season, with the THC content inversely proportional to the
CBD content. THC content is usually low on the same day that the
cannabidiol is high and vice versa (11). This suggests that cannabidiol
may be a precursor of THC in the plant as proposed by Mechoulam (8).

CaeMISTRY OF MARIHUANA

The variation in potency between different sources which has ham-
pered research on marihuana, could not be explained until the mid
1960’s when the structure of the active components of marihuana was
finally elucidated (5). Up to that time, the situation for marihuana
contrasted sharply with that for other drugs of abuse, such as mor-
phine and cocaine. These drugs, also originating from natural sources
and used for illicit purposes, were well known chemical entities and
research on their effects could be eo,sﬂf duplicated. .

Prior to 1964, the biologists and clinicians studying marihuana be-
lieved that the chemistry of marihuana components had been eluci-
dated by early studies of Adams and Todd in the 1940’s. Numerous
“cannabinoids” were known to be present in the resin and the plant but
the st;-ucture of only one, cannabinol, had been fully elucidated

1, 15).
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The term “cannabinoids” as generally used includes all the Cs, com-
pounmpimlv of and present in Cannabis sativa, their carboxylic
acid analogues and their transformation products. In the last few
years, intensive investigations have clarified considerably the rather
complex chemistry of marihuana. Most natural cannabinoids in the
plant have now been isdlated and purified, their structures elucidated
and analytical methods for their detection and quantificatior devel-
oped. Ir the period from 1963 to 1968, the true structure of the tetra-
hydrocannabinols was clarified and it was shown that a double bond
in the ?'nthetlc tetrahydrocannabinol structure described in 1940 was
in a different position in the natural tetrahydrocannabinol extracted
from the plant (9).. At present, four major cannabinoids have been
found in the plant: the two isomers: (— )-trans-Delta-9 and Delta-8-
tetrahydrocannabinols (Delta-9-THC and Delta-8-THC), canna-
bidiol (CBD) and cannabinol (CBN). Their formulas are shown in
Figure 1. The major tetrahy inol believed to be responsible
for the psychoactive properties of marihuana is the Deita-9-THC.
Other minor cannabinoids present in marihuana include cannabigerol,

rigure 1

AVrEe, AMS e
A%-trans-tetrahydrocanmabinel
A'{%) _trans.tetrahydrocannabinol

-

0 o
Cannsbinol (CE) *, o ' Canmabidfol. (CED)
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cannabicyclol, cannabichromene and cannabidivarin. The structure of
these compounds was determined by extensive use of modern physical
techniques such as nuclear magnetic resonance spectroscopy, mass
spectrometry, and, most recently, proton magnpetic resonance (2).
The nomenclature of the cannabinoids is rather confusing. As many
as four numbering systems have been proposed and two different sys-
tems are actually used with about equal frequency. In one, the formal
chemical rules for numbering pyran-type compounds are used because
the tetrahydrocannabinols are substituted dibenzopyrans. In the other,
the cannabinoids are regarded as substituted monoterpinoids and num-
bered accordingly. Thus, the major constituent of marihuana is re-
ferred to either as Delta-9-THC or Delta-1-THC, and its insomer as
Delta-9-THC or Delta-1(6)-THC. , _ N
In addition to the neutral cannabinoids described above, canna-
binoidic acids have been isolated (7). They differ from the neutral
cannabinoids only by the presence of an additional carbolyxic group
in the molecule. Depending on the position of the carbolyxic group in
the benzene ring, two THC acids have beer. isolated : A and B.i%ap1dly
upon heating, or slowly after storage, the acids can be decarboxylated
to the corresponding neutral cannabinoids. In order tc quantify the
percentage of acids present in the plant by gas chromatography, s
method was developed (PH-43-68-1338) which prevents decarbox-
ylation of the acids in the gas chromatograph by transforming them
to trimethylsylyl derivatives. Routine analysis of marihuana samples
performed by NIMH (HSM—42-70-17) has shown that most of the
THC (70-90%) contained in the fresh marihuana plant was in the
form of acids. Investigation of the amount of cannabinoidic 2cids at
different times and in different parts of the plant has showa that it is
higher in the parts of rapid growth and especially concentrated at'the
bractlet daring the period when the seeds are at the peak of ripening.

SYNTHEETIC MATERIAL

Once Delta-9-THC became known as the principal psycioactive com-
porent of marihuana, s number of synthetic methods for producing it
were proposed since extraction of THC from the natural plant mate-
rial is both difficult and low in yield. However, they usually involved
many steps and were long, tedious and expensive. Late in 1967,
Petrzilka, in Switzerland published the first elegant and simple syn-
thesis of Delta-8 and Delta-9 by condensation of trans-p-menthadiene
(2,8)-1-01 with olivetol. (10) This method was further developed in the
United States under-NIMH contract (PH-43-68-1339) for larger
scale production and has made possible the production of sufficient
quantities of these materials to satisfy research needs. Methods of syn-
thesis and analysis are being constantly improved and it is now pos-
sible to get 95% pure Delta-9-THC free of non-volatile material by
rechromatography and redistillation. ‘This better product contains
fewer impurities than before and should prove to be more stable. The
lack of stability of Delta-9-THC when exposed te air, light orincreases
in teraperature has been ore of the problems connected with the syn-
thetic mateiial. These problems have not been encountered with
Delta-8-THC since it is more stable and could be produced from the be-
ginning in relatively pure form (98%). Limited amounts of the other
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cannabinoids such as  cannabinol, cannabidiol and’ the 11-hydroxy-
Delta-9-THC metabolite have :1so been synthesized and made avail-
able for research (NIMH contract PH—43-68-1452) , mostly for use as
analytical standards. Unfortunately, except for the cannabidiol which
comes in a crystalline form, the ofher components of marihuana are
oily, viscous materials both difficult to handie and to convert to con-
venient forms for administration. TWays are now being studied to make
intravenous, oral and aerosol preparations which can used in clinical
studies (NIMH contract HSM—42-70-145). In view of the importance
of the acids, they are also being prepared. As for the other marihuana
components of research interest, depending on yield and available
methods of synthesis, decisions %ill have to be made whether they
should be extracted from the plant or made synthetically. »

ExTRACT

A material called marihuana extract distillate (M.E.D.) was pre-
pared under contract by the National Institut> of Mental Health
(NIMH) in 1969 and contained 17% Delta-9-THC. Unfortunately,
this extract was made from seized marihuana (before the NIMH
started to grow its own product)-and contained & large percentage of
fatty acids not usually present in the plant. Extracts are now i
produced under contract «hich contain as much as possible of the mate-
rials present in the fresh plant. The solvent used is usually petroleum
other and extraction is made at low temperature. T he preparation of a
standard marihuana extract and its testing is necessary as longas there
is not complete agreement that Delta-9-THC, is the only compound
responsible for marihuana’s behavioral and psychoactive effects. Other
extracts have also been prepared by various Investigators.

IMPURITIES OF MARIOUANA

Although marihuana and the active ingredients of the hemp plant
are the focus of this report, it must be recognized that other ingredients
are sometimes found in the material that s smoked or ingested. Users
are exposed to a wide variety of additives, diluents and contaminants,
since marihuana is available only through illicit channels and system-
atic quality control is non-existent. e

The frequency of mixtures containing other psychoactive materials,
whether of natural or syntbetic origin, is not known. Nor is there any
reliable information about the effect of these contaminants when pres-
ent. It is clear, however, that an almost limitless number of com-
pounds are available as possible contaminants ranging from deliber-
ately added adulterants to inadvertent pollution by herbicidal action.

At the present time there are no means by. which users can readily
determine whether or not contaminants ar2 present in marihuana. In
direct contracts to drugs which have been diverted from legitimate
channels with assurance of at least initial quality control, marihuana is
always dependent upon the vagaries of the illicit distribution system
for whatever purity it has.. : : ‘

Two reports give an indication of the magnitude of this aspect of
the marihuana problem. Marshman and Gibbins present data from
Ontario for 225 samples codected during the first eight months of
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1969 (Ga). The channels through which 'thq’éef’é'ar_nples were collected
are not described. Of the 222 samples, it was claimed that 13% were
hashish and 11% were marihuana. Sf the total number of 222 samples,
the composition was determined on-197 samples with 61.9% containing
the drug that was alleged to be present. Of those samg(lses alleged. to
be hashish, 100% were hashish; of those alleged to be mari uans,
67"17‘6hcontnined marih‘t‘xfna. o th %6 : les alleged g be :

e report states: “In to the 36'samples-allegéd to be mari-
huana, w?t(;x a high canna?xﬁid content, ,“goog grass,” ag it would be
termed on the street, some were marihuana cut with other substances
and sorse contained no marihuana at all. Some of it appeared literally
to be grass-lawn clippings; some of it looked like hay and smelled like
hay. Our figure of 64 s)er cent for samples thai ‘contained marihuana’
inclndes all the samples that contained any marihuana at all. It is
clear that a sizeable portion of what is soldy and smoked is not mari-
huana hut other substances, sometimes of unknown origin.”

A report by the Bureau of Narcotics and Dan?:rous Drugs’ Labora-
tory Operations Division states that during the fourth quarter of fiscal
{ear 1970, a total of 1645 exhibits of suspected marihuana were ana-

vzed (3a). Qualitative analysis showed negative results for 12% of

the total or 191 exhibits. Even with use of a large number of specimens,
the false positive claim rate fluctuated: 14% for the first quarter, 16%
for the second quarter and 7% for the third quarter.
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EXTENT AND PATTERNS OF USE AND ABUSE

BacxcrouNd CONSIDERATIONS

In order to discuss the scope of marihuana use the terms use and
abuse should be defined. Use can be fairli easily defined as any con-
sumption of parts or products of the cannabis plant that are believed to
contain the active ingredient(s), or consumption of the active ingredi-
ents themselves. Use includes the act of smoking marihuana or i
the ingesting of marihuana or hashish incorporated into foods, the con-
sumption in any manner of the active tetrahydrocannabinols or the
drinking or infusion of marihuana or hashish, which is believed rare
in the U.S. at this time.

There is, however, no wide agreement on the meaning of the term
abuse. Marihuana abuse has been defined at the most restrictive end of
a continuum, as any use of the substance; at the most permissive end,
asuse that has resulted in serious adverse reactions of the individual. A
middle position is that abuse is frequent, regular or chronic use, im-
plying that habituation has occurred. It will be seen elsewhere that
reliable figures on adverse reactions are not to be found; thus, it is not

ible to give estimates of abuse in that sense. In many studies only
the fact that someone has “ever used” marihuana was sought, making 1t
unfortunately impossible even to distinguish frequent, regular or cur-
rent use from past or present experimentation.

Most estimates of the scope of marihuana use rely on figures rep-
resenting any use by the individuals in their lifetime; a few have
looked at incidence, the use of the substance during a specified time
period, usually & year, or the time elapsing from the beginning of the
academic year to the survey. Their finer gradations have not been meas-
ured or reported in enough studies to enable one to make good esti-
mates of use vs. abuse, regardless of the definition employed. Also,
use of hashish has seldom been asked for or categorized separately
from marihuana, so it is not known whether it should be included with
marihuana or not.

Score oF THE ProBrex: U.S.A.

The task of simply describing the scope of marihuana use in the
U.S. has been and still is difficult. Some of the data needed for esti-
mates simply do not exist. Those that do exist cannot be used with full
confidence because they lack validity or reliability N( or both).

The only sources of information on use by the Nation as a whole
are results of commercial polls (such as Gallup’s) that included ques-
tions on drug use. Sources like these often are inadequate for reliable
estimates of the scope of the problem. Gross measures of use are often
the only basis for the figures. Information about methodology often
is lacking, so that size of the sample, standards of interviewing, and

(23)
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the like, cannot be judged. Morcover, most surveys and polls of illicit
drue use cannot guarantce that ali responses to questions are valid.
Gtudies to assess the probability of valid responses on this subject
do net cxist.

Other than nationwide polls, the sources for estimates consist mainly
of one-time studies of high school and college students conducted in
seattered locations, with varving quality of sampling techniques, in-
struments, and survey methods (3}. Recently, however, a handful of
studies have been repeated for the second and third vears, so that
changes in drug use in those locations can now be gauged more reliably
(26, 22, 20, 12).

The first nationwide survey of college students by sny Federal
agency (NIMH grant 16536-01) has just completed the tabuiation
of preliminary data. This study of 10.000 students at a sam le of fifty
colleges across the country was conducted by Dr. Peter H. Rossi in
the Department of Social Relations at Johns Hopkins University (27).

PropLexs 1IN OBTAINING ACCTRATE ESTDIATES

Assessing marihuana abuse has special difficulties bevond the ordi-
nary precautions for assuring statistical reliability and validity. The
reluctance of drug users to admit o illegal behavior in interviews or
questionnaires can reduce the estimates below the true fizure. On the
other hand, in certain situations, young students may use the oppor-
tunity to pretend higher use. inflating the estimates. In order to im-
prove the probability of valid responses, it is advantageous 0 offer
respondents confidentiality or immunity from prosecution. (In ex-
treme cases, researchers too have been subject to subpoena of their
records or of their knowledge of illezal drug use by ndents).
T ntil November 1970 there were few States that protect confiden-
tiality (New York was one) or provided researchers immunity (Mas-
sachusetts and New Hampshire were two).

Another difficulty arises in attempting to collect data in classrooms.
Many principals and boards of education are cyposed to use of th~
<chool day for this purpose or do not wish to risk parental disapprova.
In many schools parental approval must be obtained for any tr ¢
of pupils. Finally, permission to survey 2 school population is ~itcn
denied from fear of the adverse publicity that might result.

Estrarates oF Marmoaxa Use

In October 1969, Gallup reported results of 2 poll of a sample of
adults 21 vears and older in the United States that indicated that 45 of
these adults had used marihnana at some time (11). It was estimated
that the total number was about 10 million. At about the same time,
the Director of the National Institute of AMental Health testified
hefore o Senate Subcommiriee that eight to twelve million persons in
the United States had seme experience with marihuana (31). The
Gallup Poll indicated that use was niore common among younger than
older persons: 21-29 years (12¢2) : 3049 vears (3% : 50 and over
(1%). Also, the poll showed that men tended to use it more than
women (65 vs. ). Those with college backeroand had a higher nse
mtc than those with a high school or grade school background (95
ve. 3Co ve. 15¢), and the West and East regions had higher razes than

.‘,»‘“'
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the South and Midwest (9% West and 3% East ve. 24 South and
Midwest).

Preliminary data from a 1970 qationwide survey of college students
indicates that 3196 of the students have used marihuana at soine time:
145 of the students had used it cvery week or two during the semester
in which the self-administered survey schedules were completed (27).
Compared with the Gallup figures for 1969, it indicates a substantial
increase among college students: this comparison, however, can only
be rough because of possible differences in methods and sample sizes
used in the two surveys.

Nationwide surveys of college and high school students now in prog-
ress (27, 9) cannot yet show whether student rates of marihuana use
differ by region as edult rates apparently did in 1969 (11). Since
the separate studies of schonls and coll vary so much in geograph-
ical coverage, sampling, method of administration, and other con-
ditions of data collection, comparison of their rates by region is not
warranted. Until 1939, few 1f any studies were made :n the Midwest
or South, so knowledge of the problem was heavily influenced by
studies made on the West and East coasts.

Nevertheless, the studies that have been done in the Midwest since
1969 hardly indicate that rates are 21y lower there. A Michigan study
of eleven h.lfh schools in 1969 showed that rates varied from none to
34% oi students in selected schools who had “ever used” marihuana
(6). In the same year, the rates were 12% in one Utak study and 23%
in a Wisconsin study (13, 30). One college study only, at the Univer-
sity of Michigan in 1969, revealed a rate of 44% who had “cver used”
marihuana (10). These rates are at least as large as, and some are
larger than, rates found in some studies in other parts of the country.

The fact that marihuana use had been increasing up to 1969 has
been indicated by several surveys that were repeated tge second and
third vear iz the same location. In all of these surveys, the use of
marihuana increased five to twelve percentage points between 1968
and 1969. This increase occurred in the secondary schools in San Mateo
Courty, California (26); at the University of Maryland (20): at
Carnegie-Mellon University, Pittsburgh (12) ; and among college stu-
dents nationwide (22). Undoubtedly increases would have been found
in almost every school or college during that period.

There is just one study capable of indicating L?gh school trends for
1970, but it shows an interesting change. For three years, San Mateo
County in California has conducted a survey of drug use in the junior
and senior high school grades (26). In 1970, a total of 35,145 students
were surveyea. In both survey vears 1968 and 1969 there were steady,
large increases in marihuana use. The increase in 1970, however, was
decidedly smaller. For boys, instead of the average 7.9 percentage point
increass 1n “any use” between 1968 and 1969, there was an average 1.6
percentage point increase between 1969 anc 1970. For girls, the in-
crease vas greater, but there was a definite lessening of the former
rapid i: crease. An average increase of 7.2 percentage points from 1963
to 1969 declined to a 3.4 percentage point increase in 1970.* The average

3 These chances n e not a function of a statistical “celling effec.” that sometimes results
when there is iittie room for figures to change. The proportions having had “any use™
during 1970 ranged from 329 to 515 ; at these levels, there was suficlent room for large
increases, but they did not occar.
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proportion reporting use within the past year was 4295, a high rate
among the schools surveyed.

Even more important than the apparent lessening of the rapid in-
creases in marihnana nse in the high schools, the seventh and eighth
grade classes in San Mateo actually showed a decrease in marihuana
use between 1969 and 1970. In every category of student by age. grade,
and sex. the reported use of marihuana had declined slightly from the
previous vear's ficures,

Changes in nse of marihuana in one country’s schools eannot repre-
sent the situation generally in schools across the country, of course.
Undoubtedly, in many schools and colleges there will continne to be
increases in use. and rapid increases. However, schools on the West
Coast were the first to experience the onslanght of drugs, and there is
some reason to expect that their experience may presage a stabilization
of rates or possible decline in interest among students.

Use BY Inpivipvars Orner ThaN StepesTs

If there is now the beginning of a lessening in student drug use. it
may be outweighed by incressed interest in marihuana on the part of
out-of-school voung adults. A study of marihuana use (one or more
times) by adults 18 years and above in San Francisco in 1969 indicated
that 2lmost the same proportions (about 40%) of non-college yonung
adnlts as college students of the same age groups had used the drug
(16). The rate of use by all adults 18 yvears or older in San Francisco
In that study was 13% (17).

By way of comparison to student studies and to studies of adults of
all ages, the fiqures below are given for certain other groups which
werc studied separately (3).

High school dropouts who had ever used marihuana in 2 study in
Utah in 1969 made up 50% of the group. In another study, marihuana
users made up 26% of a group of employed youths 16 to 23 vears old.
Three studies have been made of marihuana use by servicemen, two
conducted with soldiers in Vietnam. In the most detailed report, 3250
of the servicemen in Vietnam had used marihuana at some time. three
fifths of the users had done <o twice since coming to Vietnam. In an-
other study. 23% of enlisted men on active duty in 1969 had used
marihuana (4). Forty-seven percent of Negro men who had grown up
in §t. Louis had tried marihuana at Jeast once by the time they were in
their early thirties (24). Studies of hippie communities consistently
show 959 to 10095 who have used marihuana (2).

Grapbations oF Use

It 3s recogmized that gross estimates of marihuana nse cover a num-
ber of gradations on several dimensions. Where frequency has been
determined, it has been found that many users have used once, and
only a portion have used more than 10 or 20 times. Where current usage
(1.e. prevalence) has been determined, it has been found that onlv a
portion who ever used were doing so at the time of the study. Ancther
dimension that has not been measured but undoubtedly varies for
mary users is the regularity with which the drug is usec. In 1969 the
Director of the National Institute of Mental Health testified that about

t .
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10% of all users of marihuana were chronic ? users and about 25%
occasional users (31). The remzinder were “tasters” or one-time users.
On the basis of thoze percentages, it was estimated that there were
800,000 to 1,200,000 chronic users of marihuana in the Nation at the
time, and 2 to 3 million occasional users,

Other studies have results that resemble the 10% chronic, 25% oc-
casional, and 65% experimental distribution, but the categories dif-
fer. In one high school study and one stady of nine cnmpuses, both in
1969 about 40% of those who had ever tijed marihuana had ceased
using it (21,1). Ina study of over 5000 enlisted men on active duty,
about 60% of users had used it ten times or more (4). Among service-
men in Vietnam, 76% of users had experimented or used it twenty
times or less (25). In the nine-campus study, there were relatively
more experimenters in the older group of students, and more moder-
ate or heavy users m younger groups.

The question of how long a person might use marihuana at the
various gradations of use cannot be answered yet. One comment from
an observational study of drug using groups of young peers was that
most youth even when using marihuana aily tend to pass through
the drug scene in about a Fear (29). After this stint in the subculture,
they may still use marihuana occasionally, however.

Socro-Destocrarine Cnaracreristics or Users

Some indication of the identity of marihuana users nationwide was
found in the Gallup poll results of 1969, mentioned above. In addi-
tion, marihuana studies on campuses and in high schools provide a
fairly consistent {)icture of the characteristics of users (5, 6, 28). It
should be kept clearly in mind that these characteristics are only
associated statistically with marihuana use and do not imply causa-
tion. Single males are three times as likely to use marihuana as single
females or married persons of either sex. Users tend disproportion-
ately to be from upper income or professiona! families. Those who are
not affiliated with a formal religion are more likely to have used
marihuana. They tend to major in arts, humanities, or the social
sciences rather than in other fields. More than non-users, they have
dropped out of school at some point. They participate less in campus
organizations or activities except political ones.

Most of these findings were from studies done in 1968 and 1969.
It is a distinct possibility that as more students try marihuana the
differentiating characteristics noted in early studies will be less
pronounced. This is a phenomenon that occurred with respect to drink-
ing and smoking in past years. The more widespread the practice be-
came the less deviant were the practitioners as a group.

Approximately the s~me pattern of socio-demographic characteris-
tics 1s found among high school users of marihuana. In addition, it has
been found that they are more likely to date steadily and start dating
earlier than non-users. Again, the association is statistical and does
not imply that marihuana use leads to earlier dating. Among high
school students in one study, marihuana use or Interest in use was re-

3In this instance “chronic use™ is a loose coacept covering all use at the upper levels of
frequency, regularity, or both,
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lated to college plans: the college-oriented were also marihuana-
oriented (19).

Student marihuana use also varies by type of college or school, along
the lines suggested by the nature of users (1). Colleges whose students
have higher socio-economic_backgrounds, such as private colleges or
universities, tend to have higher rates. (Women's colleges are excep-
tions.) Large public universities also have fairly high rates, as well
as liberai arts colleges, except the small denominational schools.
Schools with a professional, vocational, or techinical program tend to
have lower rates. In the nine-campus study in the West in 1969, the fol-
lowing rates of marihuana use were found for the different types of
colleges:

Percent
Mecdical center.. 20
Large private university 18
Large State university 16
State commuter college 12
Univerxity commuter branch 11
Nursicg school 11
Small male technical college o oo 7
Small denominational women’s college. 7
Small dencminational men’s college 7

High schools follow a similar pattern: Private schools and urban
and suburban schools have higher rates of use than small town and

rural schools.
Tuae Haxc-Loose ETmic

Certain attitudes and interests have been shown to be even more
closely related to marihuana use than are the socio-demographic char-
acteristics (28). None of these attitudes was trre only of marihuana
users, nor true necessarily of all of them. And there is no indication
that marihuana use caused them. Characteristics of the hang-loose
ethic have been defined as: dissatisfaction with own education and
the system; rgg{)osition to the Vietnam war and the draft; approval
of sexual freedom; feeling a communication gap between self and
parents; anticipation of satisfaction from future leisure activities more
than from work; participation in “happenings” and mass protests;
interest in underground newspapers; and acceptability of possible cir-
cumvention of laws (but not necessarily of breaking them).

High school marihuana users’ attitudes tend to be similar. In high
schools, however, marihuana use appears to be more recreational than

symbolic of positions on politics and life (6).
InrriaTiON AND SoTRCE OF STrriy

Few detailed data ure available on initiation in a group of drug
tsers or source of supply of marihuana. In several studies, however,
it appears that most users are introduced by a close friend or someone
they know well. In cne college study. most began use in a friend's
apartment with one or two others present (12). In one high school
study, students most often obtained the drug in othcr peopie’s homes,
and about half obtained it without spending money (14}.

Beiore the rapid spread of interest and use in marihuana in the
1660’s, the sociolozisc Howard Becker described the process of be-
coming a marihuana smoker (2). In essence, the initiate seldom ex-
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griences any effects of the drug in the bggmmng without instructions

I associates on how to inhale and hold the smoke in the lungs. The
individual’s interpretation of the experience as euphoric and sociable
isaided by the expectations of the group.

MariHoaNa Use v Oruzr CouNTtrIEs

Australia and the Indonesian archipelago. A few scattered varieties
may be found in Europe. Although there are botanical aflinities be-
tween the various subspecies of cannabis sativa, the- amount of psycho-
active components in the plant varies wide y.

The use of the plant for medical and rel ious purposes probably
predates its use as a recreational drug. Ca.n.n;ilis has played a medical
role in every country in which it was grown, inciuding the United
States, where from colonial times unti] of least the second decade of
the present century, it was used in the treatment of a variety of ill-
nesses, Until 1937, marihuana in some form was a staple in many U.S.
patent medicines. It is still used in Arabic and Indian medicine, and
1n the United Kingdom may be prescribed by doctors in the form of

material (18). Religious use of cannabis has been rcted among certain
cult groups in Central and South A fri Brazil, Mexico and Jamaica,
Despite the thousands of ¥ears cannabis has used for medical,
religious and recreational reasons, and in spite of its practically world-
wide distribution as a growing plant, there are no accurate
available on a worldwide basis of the amount of marihuana consumad
(and in what form), how much goes into medical and how much into
nonmedical channels, the number and kinds of users, and the modal
frequency of use. Moreover, the quantity and quality of reporting in
this field varies widely from country to country, depending, as it Oes,

cannabis use, and the history of its use in discrete and disparate seg-
ments of the population.

In 1956, the United Nations Commission on Narcotic Drugs observed
that it was clear that the consumers of cannabis, as of opium, numbered
over 200 millions in the world, and that graphically it was the most
widespread drug of abuse. Actual hard as to prevalence and in-
cidence are notoriously lacking, however. Most countries rely on figures
of arrest and customs seizures to indicate the extent of the problem, and
these figures, of course, depend on the size and training of the enforce-
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ment patrols, general public interest in the problem, and a host of other
variables. It can certainly be said with confidence that these fizures
underrepresent the total amount of marihuana consumed, as well as the
number of users. In India, government excise records provide the most
accurate statistics on the amount of cannabis consumed.

The Wootton Subcommittee of the R. i '~h Advisory Committee on
Drug Dependence veceived estimates fr- - wvitnesses concerning the
number of pecple who had tried cannabis and those who used it regu-
larly (7). Estimates of the number of British users ranged between
30,000 and 300,000 and the Commission itself eould find no firm basis
for issuing an estimate of its own. They did publish a list of convictions
for cannabis offenses from 1945 on, and their figures show a steady
progression from 4 in 1945 to 2393 in 1967. In 1966 and 1967 there was
an annual doubling of convictions, but Commission members dom:bted
that these figures represen*ed an actual inerease in amonnt of cannabis
consumption and suggested they were possibly due to increased rolice
vigilance. . '

The type of cannabis offender also changed markedly from the 1950
(when the first use cf cannabis was noted among non-white Immigrants
to England) to 1964 when, for the first time, white nersons constit .*ed
the majority of offenders. This trend has continued. The Commission
concludes that, on the basis of convictions alone, cannabis use is not only
widespread geographically, but cuts across cless and color lines as well.

Many witnesses felt that it was possible to distinguish various types
of marihuana users, for example, college and university students,
jazz and pop musicians and artists, people working in the mass media,
professionals in a variety of fields, as well as a growing number of
workers in unskilled occupations—however, none of these witnesses
could give anything but an informed guess as to the actual number of
people mnvolved in these various groups.

Although the Wootton Subcommittee Report mentions the fact that
an increasing number of doctors are prescribing extract of cannabis
and tinctures of cannabis, they give no exact figures as to the number
of prescriptions, the number of doctors prescribing, or the amounts
prescribed. At the time the report appeared, there was no requirement
that prescription records should be available to the Inspector of Drugs,
but Commission members felt that such records shoulge be made avail-
able in order to keep a close watch on the prescribing trend within the
next few years. :

In Ireland, there are no complete studies either from private or offi-
cial sources relating to drugs and drug abuse. There 1S, however, a
Working Party on Drug Abuse established by the Ministry of Health
in December of 1968, and they have released some figures on drug
abuse in the Dublin area. A press release from this Working Party
(June 2, 1970) indicates that there are at least 350 young people who
have abused drugs, and the number is increasing. The drugs involved
to date have been mainly amphetamines, barbiturates and tranquilizers
(usaally stolen) and LSD and cannabis smuggled into the country.
An outpatient center for drug abusers has been set up in Dublin at the
Jervis Street Hospital. ‘

In July 1970, tﬁe German Federal Ministry for Youth, Family and
Health was given a 1971 budget of approximately $375,000 to carry
out a program of intensified efforts to prevent a rise in drug abuse
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primarily hashish and marihuana). German authorities state that
they did not, nntil comparatively recentli have a drng abuse problem,
and they still do not have much of a pro Jem with the hard narcotics.
Illicit use of heroin and opium is virtually unknowii.

Part of the funds budgeted for the Federal Ministry will be used to
conduct at least two surveys—one survey, to be conducted by the Fed-
eral Center for Health Information, will attempt to determine pattern
of use apd motivation for use in sample of 300 persons aged 15 and
over. The second snrvey will be conducted among 5,000 school chiidren.
The Born Government has also requested aid from other countries
(including the U.S.) to help them in developing effective programs of
prevention, education and treatment in the drug abuse field.

In Austria, the growing amount of drug use by juvenilesis a major
concern of the Federal Ministry of Education and Arts. In the Spring
of 1970, the Ministry initiated a survey of school authorities in Aus-
trien schools {excepting elementary schools and those for the mentally
retarded) to find out how many cases of drug use had come to their
attention. Although the final reports of this survey have not been prb-
lished, it was apparent that hashish was the drug of choice for most
students.

Sweden in 1968-1969 conducted, through its Military Psychological
Institute, an extensive study of 23,305 eighteen year old milita
conscripts to investigate their use of drugs, including tobacco an
alcohol. The study (which guaranteed anorymity to the respondents)
was undertaken in four major recruiting areas. Fifty per cent of the
beys in the study came from big city areas.

In large city areas about 19-26% of the conseripts had used illicit
drugs at least once, and for smaller cities the rate was between 8%
and 9%. For drug experienced censcripts (defined as someone who
has used a drug at least once) cannabis is by 2ll odds the drug of
choice, at least 53-73% of the conscripts have used cannabis from one
to ten times. and cannabis is the favorite drng for 74% to 91% of
them. The first drug tried, for about 77% to 89% of the users, was
cannabis. Between 25% and 60% of those who have not tried illicit
drugs have been offered them one or more times.

In Australia, according to a New York Times dispatch, December
920, 1970, the Minister for Customs and Excise states that they have
seized twenty times more drugs this year than two years ago. Surveys
by the narcotics section of the federal police department have shown
that students account for 6 to 8 per cent of defendants charged with
drug offenses, members of the armed forces 2.3 per cent. The bulk
of the offenses were committed by unskilled and semi-skilled workers
in their early twenties. Marihuana was involved in 44% of the drug
cases brought to court this year—an increase of almost 13% in such
prosecutions since last year.

In New Zealand, a special committee set up in 1968 under the Board
of Health, made its first report in February of 1970 on Drvg Depend-
ency and Drug Abuse in New Zealand (8). The Committee indicated

that they were not in a position to give a full and comprehensive pic-
ture ¢ total cannabis use in New Zealand, but that on the basis of
evidence obtained during the course of extensive public hearings they
were prepared to state that at least four groups of users could be

identified. These groups included: Multiple drug users (thcse who
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combined cannabis use with the use of other drugs), cannabis orly
users, sprec or occasional users, and experimental usezs. Since cannabis
is only intermittently available in New Zealand, this was not the drug
of initiation for many of the drug users whom the committee inter-
viewed. Drug use seemns to be concentrated more in North Island than
in South Island. Cannabis was introduced to New Zealand early in the
1940’s by American servicemen, but did not scem to catch on to any
extent until the early 50's, when it was taken up by people in the
entertainment industry. In the 1960's other segments of the population
became involved and members of the Commission believe that use,
while still not extremely extensive, so far as they could determin, is
now spread through varying segments of the population.

In Canada, the /nterim Report of the Commission of Inquiry Into
the Non-Medical Use of Drugs (the Le Dain Report) gives the results
of high school and college surveys on cannabis use (15). In eleven high
school surveys conducted in various parts of the country in 1968 and
1969, admitted cannabis users (defined as those who had used the drug
at least once within the past six months) ranged from a low of 5.9 to
2 high of 24.2%. In the largest of these surveys (N of 11.454) con-
ducted in 1968 in London, 6ntario, the usage rate for males was 7.9
and for females 3.6%.

College surveys carried out in 1968 ané 1969 at six universities
ranged From a low of 19.6% use to a high of 44.5%. In general, sur-
veys carried out in 1969 show a higher use rate (use defined in the
same way as in the high school surveys; i.e., use at least once within
the past six months) those conducted in 1968. One survey, car-
ried out in the fall and spring terms of the same academic vear, is of
particular interest because it shows a rise in percentage of users from
19.6% t0 27.3%.

The Commission, on the basis of these published survey studies, as
well as testimony gathered from expert witnesses, and data from gov-
ernment and police records, states that it is reasonable to believe that
probably mmore than 105 of all high school students in Canada have
used cannabis, and, of course, some studies in certain parts of the
country have found much higher proportions. Data on use from a uni-
versity level suggest that at lsast 25% of all university students have at
lJeast experimented with marihuana.

The Commission solicited, and received, letters from private citi-
zens on the non-medical use of drugs. A review of these letters, as well
as expert testimony from informed observers, indicates that the use of
gmnabis has spread to groups other than the young in various social

asses.

Althiough the New World has a much greater array of both narcotic
and hallucinogenic plants thaxz the Old ﬁ’orld, cannabis is not indige-
nous here. The plants were probably introduced at the time of the
Spanish conquest to Mexico, Central and South America. There is a
difference of opinion among experts about Brazil, with some persons
claiming that cannabis was introduced by the eriginal Portuguese ex-

lorers, and others who state that it came in later, with the advent of
Negro slaves. In some of the islands of the West Indies (Jamaica,
Trinidad) cannabis (ganja) was brought in by East Irdian inden-
tured laborers after the emancipation of the Negro slaves. In the
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United States, most writers feel that cannabis (in the form of the
bhemp plant) was introduced by the early English colonists.

There are few adequate nuse fizures from any of the Latin American
countries, but unpublished reports from the Pan American Health
Bureau, as well as other informed sources, agree that the same phe-
nomenon chserved in cther parts of the world, i.e., the spread from
exclusive lower class use to use by at least the younger menmbers of the
middle and upper classes is increasing. Theso reports are particularly
interesting in view of the fact that in Latin American countries the
difference in life style between members of the lower classes and those
of the upper class has always been much greater than that which pre-
vails in more highly industrialized and urbanized countries.

The growing amount of multiple drug use by middle and upper
class youth has prompted interest on the part of public health author-
ities, and they have asked for expert assistance from the United States
in the design of survey studies to be used with school populations.

Brazilian scientists have long had an interest in cannabis use, as is
evidenced by papers presented at the second Pan American Scientific
Congress held in Washington in 1915. Present day research interest
spans the physical and the behavioral sciences.

Up until the beginning of rapid industrialization in southern Brazil
about two decades ago, use of cannabis tended to be centered in the
northeastern coastal states, and in cities with s high concentration of
non-whites such as Bahia. Poor immigrants from these regions to Sao
Paulo and Rio de Janeiro brought machonha with them when they de-
cided ¢o hunt for jobs in the fast growing industries. Present day re-
ports indicate that use has spread from these impoverished workers
to young members of the middle and upper classes.

Reports emarnating from Lima indicate that there is a growing use
of drugs of all types, primarily by young middle and upper class
students. However, there is one interesting footnote which should be
appended—in the Lima squatter settlements with inhabitants drawn
mainly from the high Andes, there is evidence that coca is being re-
placed by cannabis as the drug of choice. Such self-medication, ie.,
the substitution of cannabis for & stronger drug, has been noted previ-
ously in other parts of the world, for example, India, where cannabis
has been used in place of opium.

In Mexico, where use of marihuana has long been common among
both the rural and the urban poor, authorities indicate that use is now
spreading among wealthy youngsters, as is indicated by the growing
number of arrests in this group.

Cannabis is an illicit drug 1in all Latin American countries, but
most drugs which can be obtained only on prescription in the Unted
States (sedatives, amphetamines, tranquilizers) can be bought over the
counter in most countries there.

In the Caribbean, marihuana (ganja) was introduced by East In-
dian laborers after emancipation. An NIMH sponsored study of
chronic cannabis users in Jamaica indicates that they are drawn from
at least five disparate population groups. Up until about three years
ago users were predominantly members of lower class rural and urban
groups, but authorities report that middle and upper class youngsters
are now incerasingly turning tc use of the drug. One group of users
in Jamaica, the Rastafaris, are of particular interest, since a good deal
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of their religious ritual as well as life style revolves around the drug.
These people call themseives “the chemists of the divine herb™ and
use ganja 1n all forms. from both male and female plants, in foods and
for smoking. Ganja is even used in a concoction especially designed
for babies with croup.

(annabis use was widespread in Near Eastern, African and Asian
countries for a muck longer period of time than in Western countries,
so the literature is much more extensive from these regions. However,
several cantions shouid be borne in mind when considering these studies.
These cautions inciude: 1. The use of biased sampies (study groups
frequently drawn from prison populations, or exclusively from mem-
Lers of the lowest economic groups) : 2. The lack of adequate control
groups: 3. Frequent failure to consider the implications of the fact
that cannabis tends to be mixed with other drugs (tobacco, dhatura,
or more rarely opium). or the corollary question of the: extent to which
users of cannabis are also users of other drugs.

The question of the duration of use of cannabis is probably one of
the most important issues from a public health standpoint. Observa-
tions of Eastern writers tend to be at odds with those from other parts
of the world. Most of the former imply that once the cannabis habit
is established it is likely to last as a daily habit for many years. How-
ever, actual longitudinal data on representative samples of persons
initiated to its use are seldom if ever cited. In other parts of the world
there are indications that there may be discontinuation with some
users after adolescence. and with others the establishment of a pat-
tern of intermittent use.

The government excise records of India afford the most accurate
statistics on the amount of cannabis used in that country, but 1t must
be recogmized that there is no adequate estimate of the amount of mate-
rial which enters the country illegally, primarily from Nepal. It is
estimated that the current number of habitual ganja asers is about
240,000 (not including the users of bhang, or of smuggled charas).
"This is about one half of the number of licit ganja and charas users
(exciuding bhang) estimated in 1940. Most observers feel that the
steady decline in cannabis use in India can be attributed to several
factors, including a reduction in the number of acres licensed by the
government for production. higher excise duties, increasing competi-
tion from other drugs, and a growing belief that cannabis is essen-
tially a low status drug.

Although the declire in cannabis consumption in India is striking,
there is some evidence that India is not immune from the rising use
of multiple drugs by students, which is characteristic of many other
countries. :

In Egypt, expert observers estimate that the current number of
hashish users is about 180,060, which would include about four to five
percent of the male population between 20 and 40.

There are no adequate current use figures from Morocco, but most
trained observers estimate that about 30 to 359 of the adult male
population use cannabis to some degree.

There are no estimates available for South Africa after 1953. In
that vear the estimate of users was about 509 of the native male popu-
lation in some areas, but relatively low in others.
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There are no cstimates at all available for the number of users in
Nepal, the only country in the world where cannabis use is le{al.

e foregoing brief summary of cannabis use in countries other than
the United States points up the general inadequacy of the data cur-
rently available on extent, patterns, and persistence of use, the physical
and psychological characteristics of users, as well s the general social
climate in which cannabis use is cither introduced, expands, or declines.

Research into the relative frequency of the various patteras of can-
nabis use in differing cultures is badly needed, as well as longitudinal
studies with user groups in certain selected countries, and carefully
designed small studies which will examine in depth natural history of
drug using careers.
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PRECLINICAL STUDIES IN ANIMALS

The {ollowing section summarizes a wide range of animal investiga-
tions designed to learn some of the implications of cannabis adminis-
tration in a variety of animal species. It is included primarily for the
technically sophisticated reader as a summary of the present state of
marihuana preclinical investigatica. It should be emphasized that
such research iay have no immediate relevarce to hmman use of
marihuana. and that it could be a serious error to translate these tind-
ines directly to the human case, High doce levels are frequently em-
ployed in animals to learn the limits of toxicity (not possible in human
experimentation). Moreover, the methsds of drug administration (and
form of the drug) are often markedly different from the usnal ways
in which marihuana is used by people and may have different implica-
tions. Nevertheless animal work is essential to a more sophisticated
understanding of the action of the drug and to developing useful clues
to fruitful iines of investigation in man. WWhere specific findings ap-

r to have direct relevance to human use of marmhnana, an attempt
E:g been made to interpret this in the summary or in other relevant
sections of the report.

Prior to 1968, research on the effects of cannabinoids in animals
was carried out with cannabis extracts prepared by the investigator
himself and such preparations frequently lacked definite analysis of
their active components. This has made it difficult to correlate physio-
logical efiects with chemical composition in the earlier studies. Recent-
Iv, the availability of pure Delta-9 and Delta-S-THC has spurred re-
search in the pharmacological area and so far. pharmacologic efferts
of the tetrahydrocannabinols seem to generaily replicate, at least quali-
tatively, those of the cannabisextracts.

Toxicrry StUpIEs

Single dose toxicity studies in rats indicate that the lethal dose in
50<% of animals, i.e., the L1)., for Delta-9-THC. is between 2040 mg kg
by intravenous injection, and between 800-1400 mg/kg orally, depend-
ing on sex and species (66, 59). Animals receiving these compounds at
these very high dose levels die in respiratory arrest. Postmortem
studies done after treatment with marihuana derivatives revealed
pulmonary edema with hemorrhage (49).

Tolerance to cannzabis action has been reported in a number of ani-
mal specles (rats, dogs) and in birds (pigeons) (52). In 1968, using
behavioral methods (rope climbing, operant behavior), Carlini
showed that seven out. of ten rats became tolerant after fifteen chronic,
intraperitoneal irjections of cannabis extrast (20). However, there
was no cross-tolerance between cannabis extract or Delta-9-THC
and LSD-25 or mescaline sulfate. This seems to indicate that toler-
ance to cannabis must involve a different mechanism from that of

(39)
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LLSD or mescaline, since cross-tolerance has been established for the
two latter drugs. Among the cannabinoids, cross-tolerar.ce has bean
found between Delta-8- and Delta-9-THC (53), between the canna-
bis analogue, synhexyl and Delta-9-THC angd between the dimethyl-
Leptyl analogue and Delta-9-THC (9). Tolerance has been found in
dogs but. not in rabbits (48}. Tolerance to Delts-9-THC in dogs can
be blocked b: !}r}i‘or administration of an enzyme inhibitor, such
as SKF 525A. Thus, research on comparative metabolism beiween
different species and enzyme induction studies may provide a clue
to these species differences.

CextraL NErRvoUs Systex EFrEcTS

Reports on the effects on the brain and the nervous system, sketchy
at tirst, are now the subjects of various investigations. (Effects on
%\3 elegtroenoephalogram are reported under Neurophjysiological

ects.

In animals, analgesia has been the mmost frequently used parameter
of cannabis effects. Bicher and Mechoulam (8) have assessed this
effect in mice for both Delta-§ end Delta-9-THC, by the hot plate
and tail flick tests. Twenty milligrams per kilogram of either isomer,
intraperitoneally, was found to be equivalent to 10 mg of morphine
given subcutaneously, and the analviesic effect of the tetrahydrocan-
nabinol lasted at lzast two hours. Others have reporicd that Delta-9-
THC is a more potent analgesic agent than Delta-8-THC (41). A
combination of morphine (24 mg/kg) and THC (1.25-5.0 mg/kg)
was found to possess additive analgesic effects (19). It was also noted
thaxi drugs which decrease serotonin brain levels do not modify THC
analgesia.

In°1965, Carlini and Carlini (23) compared the effects of cannabis
extract (10 or 100 mg/kg) i.p., and strychnine on the content of RNA
and DNA in the rat bramn. Cannabis had no effect on RNA content
of rat brain but significantly increasad DNA. content in a dose related
manner (12% and $2%, respectiveiy). Changes in DNA content may
be involved in the short term memory deficits reported in humans.

In terms of effects on biogenic amines, cannabis resin was found
to increase serotonin brain levels in mice (43) and rats (12). Norepi-
nephrine in mice, 24 hours after ip. injection, was found to be de-
creased by 5-10 mg/kg Delta-9-THC, but significantly increased by
doses of 200-500 mg/kg. These changes in biogenic amines may be
due to a direct central effect or the result of peripheral effects of

marihuana.
AvToxosric avp Carprovascerar EFFecrs

Hashish resin extract had been reported (12, 13) to antagonize
acetylcholine induced contractions of rat uterus and intestine in a
dose related manner. In the same experiments, serotomin actzvity was
also antagonized. . .

Reports of the effects of cannabis on the adrenergic system are con-
troversial. Some (12) report that cannabis resin antagonized adrener-
gic effects suck as the pressor response to occlusion of the carotid
artery in dogs, the positive inotropic effects of epinephrine and nor-
epinephrine in isolated frog heart and the action of epinephrine in the
rabbit duodenum. This inhibition of thz pressor response is not due to
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nglionic blockade (26). Others have found that both Delta-8 and
Jelta-9-THC potentiate all parnmeters of norepinephirine and epinc.
phrine and that Delta-8-THC is more potent in reversing reserpine
induced blepharoptosis in mice. Cannibis resin also antagonizes the
spasmogenic actions of carbachol, histamine, barium chloride and pito-
cin on rat and guinea pig intestines by a direct nuusculotropic effect
(13), Dewey, et al. (26) confirmed this inhibition in isolated guinea

i ilenm, remarking that the Delta-9-THC block is reversible, while
-1ta-8-THC is not. They found the Delta-9 isomer nearly twice as
potent as Delta-8-THC in inhibiting GI propulsion in mice in vivo.

Marihuana compounds (Ijeita-€ and Delta-¢-THC) produce a grad-
ual prolonged fall in blood prassure (34, 273, but the synthetic ana-
logrues such as the dimethylheptyl may Le more potent in this respect
(24, 25). This hypotensive effect is not dependent on an intact vacus
nerve, is not diminished by atropine, dibenamine or hexamethonium
and is not due to ganglionic blockade (27). This effcct can be abolished
bv spinal section at C-1, at least with the 1.2 dimethylheptyl derivative
of THC (40). The cardiovascular responses to direct stimulation of
the hypothalamus and medullary vasomotor areas are not blocked by
this compound, so it is postulated that this hypotension results from
decreased central sympathetic outflow.

In the isolated. perfused rat heart Manno, et al. (50) have found
that, as the dose of Delta-9-THC is increased, perfusion pressure is
also increased (vasoconstriction) but the force of contraction is de-
creased. For both of these effects, no definitive dosc-response rela-

tionship could be defined.

Errect ox ResriraTION

Cannabis usnally depresses respiration rate. at least in moderate to
high doses (33, 34), although stimulation has also been reported
(13). As mentioned earlier, toxic doses produce breathing impair-

ment.
IIyTOTHERMIC EFFECT

Doses of Delta-9-THC greater than 1 mg kg have been found to
consistertly jroduce hypothermia in mice, and 50 mg/kg lowered
the body temperatare by 5-6 degrees within 10 minutes after i.p.
administration. This effcct usually lasted 24 hours (43). Marked hy-
pothermia was also observed after intercerebral administration of
cannabis extract (33).

Homioxar ErFecTs

In rats. cannabis extract (250 mg ke, i.p.) given prior to injection
of I** in rats, significantly depressed thyroidal uptake of the radio-
iodine (51).

The effect of cannabis on blood sugar is rot established, Miras found
a2 biphasic fiuctuation of blood sugar within norma’ limits, but ¥l
Sourogy (28) using an extract cf cannabis. found a significant In-
crease 1n biood glucose, while liver glycogen was decreased and mus-

cle glycogen remained normal, suggesting potentiation of glvcogzen-
olysis. Unfortunately, there was no mention of control animels re-
celving injections, so the possibility remains that a stress response

was being measured.
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Barry, et al, (8) have found activation of pituitary-adrenal func-
tion in rats following 4-16 mg/kg i.p., Delta-9-THC, probably result-
ing from a central nervous mechanism for hypersecretion of corti-
cotropin, since corticosterone levels sometimes triple following THC
but do not after hypophysectomy, peniobarbital or morphine. Inhibi-
tion of antidiuretic hormone wss 2lso indizated in view of the doubled
urine output; thews two effects also occur following alcohol intoxi-
cation,

AxTisroric Acrivrry

Cannabis preparations have long been known to possess antibiotic
activity against gram positive bacteria in vitro or in topical admin-
istration; recently, this activity has been narrowed down to the can-
nabidiol fraction of the plant (60).

InTERACTION WiTH OTBER DRUGs: BIOCHEMICAL STUDIES

So far, few authors have reported on the interaction of carnabis
with other drugs. The other interactiorn which has been well reported
is the interaction with barbiturates as those compounds were used
to determine the effects of THC on the central nervous system. Natural
(extracted), synthetic THC and exyl (a synthetic analogue) have
been shown to potentiate hexobarbital and barbital sleepinf; time (35,
46). However, the mechanism of this potentiation, possibly through
enzyme induction, is still debated. The results of Truitt showing de-
creased sleeping time in mice when the animals were pre-treated twice
daily for tgree days with Delta-8-THC (3-30 mg/kg., ip.) then
given 65 mg/%r pentobarbital, seem to support the enzyme induction
theory (NIMH contract PH-43-63-1338), but others question it.

Potentiation of amphetamine has been noticed after administration
of carnabis compounds both acutely (one hour post injection) and
chronically (three days after) (35). Delta-9-THC, 16 mg/kg, en-
hanced the stimulant effect of amphetamine, 4 mg/kg, but was fourd
to protect some subjects from & toxic methamphetamine dose.

In an in vitro study (26), Delta-8 and Delta-9-THC have been
found to cause some inhibition of the metabolism of aminopyrine ard
ethyl-morphine in rat liver homogenates. This was not found in vivo.

NEeororaYSIOLOGICAL EFFECTS

Cannabis has long been suspected of having tranquilizing proper-
ties. I evaluatingnbthis potentl‘.)ii(i, Salustialecib et al (61) used chlor-
promazine as a standard of comparison for cannabis extract. Cannabis
extract was found to be twice as active as chlorpromazine in decreasing
isolation-induced aggressive behavior in mice, but was much less ef-
ficient in protecting the mice froin d-amphetamine toxicity.

Sampalo (62) has observed that extract of cannabis, THC and syn-
hexy! abolishes the linguomandibular reflex in the dog even after atro-
pine administration. Chlopromazine produces the same effects in a
comparable dose range and the efiect is abolished by administration of
strychnine. In search of the mechanism of this action, the same grou
(47) found that THC depresses the presynaptic potential in the tr:-
geminal nerve, while the tibialis nerve was unaffected, suggesting a

-
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specific central depressant action. Otaers, using the syntl.etic analogug
dimethylhepty]l and neurophysiologic rmethods (16) have also observed
this depression in cats and localized the effect to the forcbrain area, s
facilitation of the lingnomandibular reflex resulting from forebrain
stimulation was also depressed. They also found that aimethyltheptyl
occasionully depressed the monosynaptic myotatic reflex and depressed
lower motor neurons, thus resembling the effects of thiopental, only
more inconsistently. Boyd and Meritt have also observed that 0.2
mg/ke dimethylheptyl is equivalent to £ mg/kg thiopental in raising
the threshold for both EEG and behavioral arousal by action on the
ascending reticular formation (17).

JTn animals, the cannabinoids produce definite changs in the electro-
encephalograms (EEG) after acute and chronic administration. How-
ever, dosage ievels used in animal studies are usually higher than those
administered in humans.

Bose (14) iound that 15-30 mg/kg, i.p., of cannabis extract initia'ly
increased frequency in the rabbit’s frontal cortex indicating stimula-
tion while the parietal area was depressed ; one hour after administra-
tion, both areas were depressed.  Recovery was characterized by ap-
pearance of sharp waves and gradually increasing voltage suggesting
increased excitability of nenrons. Lipparini, et a1 (48) showed that, in
animals with chronically implanted electrodes. 0.5-1 mg/kg IV Deit2-8
or Delta-9-THC will abolish theta gaves in the rabbit hippocampus,
flatten the EEG and give rise to traces of high voltage spike and warves.
However, increasing the dose to 10 mg/ke did not produce grand mal
EEG tracings but only increased stupor. Racemic Delta-8-THC (less
than 6 mg/kg) produced no EEG or behavioral changes or corneal
anesthesia.

Bicher and Mechoulam (8) also found changed cortical activity as
evidenced by strong beta rhythm in the electrocorticogram (ECoG) in
rabbits follewing Delta-8 or Delta-9-THC (8 mg/kg IV) treatment.
The cortical arousal threshold was lowered and the length of ECoG
morphine action, which produces a decrease in frequency in EEG and
an elevated threshold of arousal response, can be differentiated from
canrabis.

~ Similar effects were also reported by Boyd and Merritt (17) for
the dimethylhept;1 synthetic derivative. Studies with cats (6 mg/kg of
Delta-9-THC 1.p.) produced only moderate synchronization of the
EEG., which was easily interrvpted by external stimuli.

In doses greater than 5 mg/kg, IV, Lipparini, et al. (48) showed
corneal arreflexia, marked motor deficit, synchronization of EEG and
insensitivity to external stimuli after 1-cannabidiol. This is surpris-
ing as cannabidiol had previously been reported as being physioiogi-
cally and pharmacologically inactive. Its effects, however, differ from
those of Delta-8 and Delta-9-THC in that spike and wave EEG pat-
tern and diminution of voltage are not szen. These authors suggest
that flattening of EEG tracings, disappearance of hippocampal theta
warves, and spike and wave conficuration of the EEG could replace
corneal arreflexia as a specific bioassay of THC activity. They also
suggest that synthctic derivatives of Delta-8-THC such as the methyl
and dimethyl, which are 5-10 times more potent than Delta-8-THC
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and show the same spectrum of activity in rabbits and cats as Delta-8
and Delta-9-THC, will have cannabis activity in man.

Barratt, et al. (4) have noticeq, in preliminary experiments, EEG
changes i~ ents treated chronically (i.p. 16 mg/ke/day) or by inhala-
tion with . inarihuana extract. After 10-12 days, slow waves with
spiking appeared in haseline recordings. Treatment was continued for
a total of 23 days and the abnormal baseline persisted 22 days follow-
ing end of drng administration. At lower doses (2 mg/kg) abnormal
EEG tracings did not appear until the 25th day. Behaviorally, these
cats eventually hecame less playfui and more withdrawn; normal be-
havior returned 3 days following the end of treatment. Seizures of
any nature were not apparent. Chronic, high dose administration of
Delta-9-THC has been found to reduce paradoxical sleep in rats.

Fenimore, et al. (29), using autoradiography methods with tritium
labeled Delta-9-TIHC, showed distribution of Delta-9-THC in vari-
ous cortical and subcortical structures of the monkey brain. Relatively
high accumulations were found in the laterai geniculate nuclei at a
time when the animal would appear to be hallucinating. Similarly high
concentrations were discovered in the amygdala, hippoczmpus, In-
ferior and superior colliculi at the time of behavioral effec.3 and
marked amounts in the cerebellum corresponded well with the mon-
key’s motor incoordination. It thus appears that behavioral effects
may be related to increasing concentration of cannabinoids in specific
brain areas.

Benaviorar ErrecTs

The effects of cannabis are behaviorally both dose and species related
but setting can also be a factor. Barry and Kubena (5) have demon-
strated that rats show increase and/or decrease of spontaneous activ-
ity following Delta-9-THC, given intraperitoneally. They found that
Jow doses (4 mg/kg) produced initial excitation followed by depres-
sion; the excitation could be exacerbated by using laboratory naive
and nonacclimated rats and could be abolished by a higher dose (16
mg/kg). Rats’ behavior with Delta-8 or Delta-9-THC has also been
studi~”’ “v Grunfeld and Edery (39). Following a 20 mg/ke 1.p. injec-
tion . 1ti1 these compounds, rats have been observed to be ataxic, cate-

*leptoid and-flaceid. This dose disrupts learned behavior but reactions

to unconditioned stimuli remain intact. Vieira, et al. (68) have sup-
pressed a conditioned avoidance response in mice znd rats with 125
mg/kg, i.p. estract. Mice show a similar response accompanied by
artial ptosis and piloerection. Irwin (45) found mydriasis in racemio
elta-8-THC treated mice and miosis after Delta-9-THC in the
same species. The minimal oral dose for behavioral eflects with Delta-
8-TIC in mice and cats was low (0.1 mg/kg) and peak effect was
2 hr. post-administration. Mice also exhibit decreased performance
in the rotating rod test when given 10 mg Delta-9-THC, i.p.; no effect,
howerver, could be elicited foTIowing subcutaneous injection.

The cffects on sscial behavior in animals were studied by Carlini,
et al (22). They found that chronic administration of cannabis ex-
tract, 10 mg/kg, 1.p., could evoke fighting behavior in rats only with
starvation as part of the regimen. On the other hand, a single dose of
cannubis extract (10 mg/kg) has been shown by Santos (63) to de-
crease aggression in mice by 80% while motor activity remained un-
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changed ; this response was demonstrated for fighter and non-fighter
mice and the efect lasted nearly 7 hours. This decrease in ageressive-
ness has been compared by Garattini (33) to the effects of chlordiaze-
poside. Siegel and Poole (65) have confirmed this effect and alse
noticed less group sggregation and temporary disruption of social
hierarchies in 2 mice community.

Synhexyl (15 mg/kg, i.p.) in operant hehavior tests, has been shown
to Increase curiosity In the rat by Abel and Schiff (2) and also to
decrease food. but not water consumption, They also showed disrup-
tion of the suppressive effect in a conditioned emotional response
situation (1).

Carlini and Kramer (21) observed improved maze performance
by rats given 10 mg/kg, i.p., cannabis extract prior to testing. How-
ever, post-trial administration produced no effect or disruption of
activity, thus distinguishing cannabis from other CNS stimulants
(strychnine or picrotoxin) wh™ - improve maze performance when
given pre- or post-trial. Higher aoses of cannabis were explored but,
at these doses. motor activity was impaired.

‘Boyd, et al (15) also studied the effects of synthetic tetrahydro-
cannabinols (DMHP) in the rat in various operant behavior tests
using_positive food reinforcers at various cose levels. These com-
pounds were found to depress all measures of behavior except on a
mixed schedule. where they appeared to increase the ability of the
animal to judge elapsed time; general performance on fixed ratio
schedules was found more sensitive to these drugs than on fixed inter-
2ls, The overall effects were similar o that of pentobarbital. Scheckel,
et al (64) report that monkeys receiving racemic Delta-9-THC (32
or 64 mg/kg, i.p.) exhibit initial excitation. mneluding fine hand
tremors, paniclike states, hallucinatory activity snd unusual limb
positions. These signs lasted three hours and were followed by depres-
sion; nine subjects died after the high dose treatment. This study
also revealed that racemic Delta-9-THC (4 or 8 m/kg) reduced rc-
sponse rate by 50% in a continuance avoidance schedule, whereas 1664
mg/kg increased responding 2009 . Effects of the Delta-8 were different
irom those of the Delta-9. Delta-8-THC increased lever responding
in the lower doses (2, 4 and § mg/kg) but the higher doses did not
cause the depression or death seen with Delta-9. The monkeys also
scemed to lack sbility or inotivation to perform complex tasks.
Francois, et al {31) have confirmed this behavioral spectrum in mon-
kers and also report consistent vomiting after 8 mg/kg 1.p. of Mari-’
huana Extract Distillate (MED). The social dominance hierarchy
was nct changed by the drug, but expressions of dorzinance were
changed, that is, the monleys were less ageressive.

The general behavicr of dogs is not uniike that of other animals
previousiy studied, but excessive salivation, retching, vomiting and
overt ataxia seem specific for dogs. This typical ataxis has since been
nsed for a bioassay of cannabis action as well as the corneal arreflexia
in rabbits (36).

In pigeons. Frankenheim, et al. {32) found that both Delta-9-
(0.3-3.0 mg/izj and Delta-8-THC (3-10 mg/ke) given intramus-
cularly caused a dose dependent decrease in the rate of key pecking in
a multiple operant behavior schedule. The Deita-9 isomer was found to
be more than twice as potent as Delta—8-THC and tolerance was found
aiter ceven days of ehronic adminisiration.
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TERATOLOGY

One of the pertinent questions regarding marihuana use in the popu-
lation concerns the effects of repeated usage during pregnancy.

The experimental evidence reported zo far has been contradictory.
Once more, results seem tc vary with species, mode of administration
and doses used.

Miras (54) found that rats impregnated after being fed a diet con-
taining 0.2% marihuana extract for several months showed a reduced
fertility but the offspring produced were normal. In another study,
pregnant mice injected intraperitoneally (i.p.) with 16 mg/kg of Can-
nabis resin on day six of gestation produced offspring which were
stunted but not malformed. The same dose given on days 1-6 caused
complete fetal resorption (57). In a second experiment using rats, the
injection of 4.2 mg/kg of cannabis extract on days 1-6 resulted in a
high frequency of malformed progeny (58). Congenital malforma-
tions and abnormal fluid accumulations were also observed in fetal
hamsters and rabbits after prenatal administration of large, multiple
doses of marihuana resin (100-500 mg/kg), the teratogenicity being
influenced by plant origin and seasonal variations (37, 88).

However, Borgen, et al. (10) administering the pure Delta—9-THC
subcutaneously to female rats in doses of 0.01 to 200 mg/kg as a solu-
tion in olive oil fro- day 1-20 of cestation did not find congenital
abnormalities or stu.ating of offspring. However, average litter size
was, hosvever, reduced by doses of 100 to 200 mg/kg. At doses of 10
mg/kg and above, maternal weight gain during pregnancy was di-
minished and length of gestation was increased by 1-2 days. Doses
above 25 mg/kg caused a marked postnatal mortality of pups ap-
parently due to inadequaie maternal lactation. Females sacri-
ficed on day 21 after 100 and 200 mg/kg dosages showed in-
creases in the size of the adrerals, thyroid, and heart, while the
mass of liver was reduced. Thus, in contrast to published re-
search with marihuana extracts, Delta-9-THC does not appear to be
teratogenic in rats in doses up to 200 mg/kg given throughout gesta-
tion. The major effects noted were on the female rather than the
progeny, and these appeared only with higher dosages.

This lack of teratogenic effect cannot be the result of a lack of pene-
tration of Delta-9-THC through the placental barrier as Idampaan-
Heikkila, et al. (44) found that 15 minutes post i.p. administration,
Delta-9-TIIC-H® crossed the placenta and peak concentration was
achieved 30 minutes after the administration in the hamster. Fetuses
from animals injected early in pregnancy contained nearly three times
more radicactivity than fetuses from animals injected at a later time
in pregnancy; this difference was even more apparent after subcuta-
neous administration. The placenta was shown to contain more radio-
active label than the fetus by either route and the fetus contained
more label than maternal plasma or brain.

A few investigators have studied the cytogenic efects of marihuana
and so far no observable chromosomal changes have been found (%5,
51).
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MrraBoLisy

With the availability of Tritium and Carbon-14 radioactive labeled
Delta-8 and Delta-9-THCs last year, major advances in the study of
the metabolism of these componnds tcok place. These studies showerl
that the cannabinoids dlmp*)car rapidlr from the blood and metahol-
ism occurs mostly through the liver of the species studied : mice, rats
and rabbxtb. So far, metabohcm is mainiy an hydroxviation process
{3+ 7. 18, 30, 56. 64. 69) and the 11-hydroxy .uctabalites ot Delia-$
and Delta-9-TIIC have been reported to have the same pharinacologic
profiles as the parent compounds (64. 30). Distribution studies after
mtravenous administration and inhalacion have shown relatively high
concentration of radioactivity in the lungs (3. 42). IExcretion is most]y
through the feces. Even after single dose administration, radioactivity
can be found in the feces for davs after administration. So far, oniy
two metabolites have been characterized (thc mono and dihydroxy
derivatives) but a significant number of uncharacterized metabolites
have been reperted by the various researchers (3, €9). Preliminary
oxperxment indicate that the pnmqrv nietabolite mav vary with the
species, which would explain species differences in terms of response to

cannabis effects.
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EFFECTS IN MAN OF SHORT- AND LONG-TERM
USE OF CANNABIS SATIVA

Cannabis sativa is one of man’s oldest and most widely used drugs.
It has becn consumed in various ways as long as medical history has
been recorded and is currently used throughout the world by hundreds
of millions (2, &, 81,101, 211). A fairly consistent picture of its short-
term effects is presented in the many publications on Cannabis users.
There are, however, strongly contradictory opinions about whether
the u'timate ¢ffects are harmful, harmless, or beneficial to human func-
tioning (166). Despite these conflicting opinions, from the scientific
point of view, the literature is as clear, if not clearer, than for many
other botanical substances consumed by man. Most of the older reports
suffer from multiple scientific defects such as biased sampling, lack
of control groups and use of substances of unknown potency. However,
contrary to popular belief, much is known about the usc of Cannabis
by man (67).

TiErAareECGTIC USES OF CANNABIS

There is no currently accepted medical use of Cannabis in tize United
States outside of an experimental context. However, there was a time
when extracts of Cannabis were as commonly used for medicinal pur-

as aspirin today (127, 196).

Medical use of Cannabis is mentioned as early as 2737 B.C. when it
was recoramended in China for female weakness, beriber, constipation,
absentmindedness and surgical anesthesia. It was used medically in
India before 1000 B.C. After 500 A.D., Cannabis spread westward to
Persia and other Arabian lands, where it was used medically as a balm
and an antiseptic. Cannabis was probably re-introduced to Europe by
Napoleon’s soldiers returninz from Egrpt, although it had been used
during the Middle Ages to treat burns, earaches, ulcers and uterine
disease (127, 149, 159, 196, 211).

There was only minor mention of Cannabis’ psychoactive effects
in ancient China although soon after its introduction in India, it be-
came an integral part of the Hindu culture as a mind altering aid to
meditation.

A British physician serving in Incia, W. B. O’Shaughnessy, rein-
troduced Cannabis into Western medicine. In 1839 he reviewed the
literature of its use in Indian medicine during the preceding 900
years, and he described his experiences with the drug in the treat-
ment of seizures, rheumatism, tetanus and rabies. He found it an ef-
fective analgesic, anticonvulsant, muscle relaxant and sedative in man.
Later in the 19th century its use in medicine spread rapidly. Numerous
reports in the literature described its therapeutic effectiveness over an
extensive range of ailments, including: gynecological discrders such
as excessive menstrual cramps and bleeding (23, 190), treatment and
prophylaxis of migraine headaches (12, 70, 176), alleviation of with-

(32)
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drawal symptoms of opium and chloral hydrate addiction (13, 132),
tetanus (73, 150, 158, 160}, insomnia (132), delirium tremens (176%,
muscle spasms (176), stryvchnine poisoning (88), asthma (59, 157),
cholera 857), dysentery (68), Ixbor pain (48, 123), psychosis, spas-
matic cough, excess anxiety, gastrointestinal cramps, depression,
nervous tremors, bladder irritation, and psychosomatic illness (196).

However, the use of Cannabis preparations gradually disappeared
from medical therapeutics at the endp of the 19th century for the fol-
Jowing reasons: unavailability of injectible preparations, difficulty in
obtaining standard potency batches, wide variability of individual re-
sponses to the same dose. Also important was the introduction of a
wide variety of synthetic druas which were casier to produce and more
efficient to administer although not always as effective and usually
more toxic than Cannabis. Nevertheless, there were 28 pharmaceutical
preparations containing Cannabis in use when passage of the Mari-
Juana Tax Actin 1937 eﬁ'cctively banned Cannibis as a medicine as well
&s an intoxicant (185, 196).

In 1947, experiments revealed that natural tetrahydrocannabinol and
& synthetic derivative, synhexyl, were effective anti-couvulsants (123).
In 1949, THC was demonstrated to be effective in the control of selzures
in several epileptic ckildren who were unmanageable with the conven-
tional drugs. ’F‘HC was reported to have a synergistic effect with
diphenylhydantoin and phenobarbital (48).

Recently, rizriiuana or its synthetic analogues have been experi-
mentally considered for the treatment of the withdrawal of the chronic
alcoholic (203}, and as a substitute for alconol in chronic aleoholism
therapy (147). Extracts of unripe Cannabis have also been demon-
strated to have antibiotic activity against certain bacteria and fungi
(66, 109, 173). Other THC analogues may prove to be valuable agents
for t)he treatment of high blood pressure and uncontrollable fovers
(191).

Some preliminary studies have suggested that an oral extract of
marihuana may be a useful agent for the management of terminal
cancer patients. The beneficial effects of marihuana demonstrated over
a short period of time were stimulation of appetite, euphoria, in-
creased sense of well-being, mild analgesia and an indifference to pain
which reduced the need for opiates (199).

Thus, Cannabis has had widespread usage in medical therapeutics
for about 5,000 years. In the future, Cannabis or its synthetic analoques
may prove to be valuable therapeutic agents (149, 196).

ACUTE EFFECTS: EXPERIMENTAL FINDINGS

It is important to recognize that the response to Cannabis varies
according to the form in which it is consumed, the dose and the route
of administration (typically by smoking or eating in humans). Alsc,
the non-drug f: ‘tors of set and setting must be considered in evaluating
the results of those laboratory studies. In the following discussion
dosagesare expressed in terms of the Delta~-9-THC content (the major
psychoactive ingredient). Since it is only recently that Iaboratory re-
ports routinely cite the percentage of THC, for older reports the
estimated THC equivalent is based on the assumption that the average
THC content is on the order of 1% for marihuana, 3% for Indian
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ganja and 5% for hashish. Although given samples ma vary widely
1n actual THC content such a very rougzh measure is useful as the basis
for comparisons between various experiments and observations. Actual
THC content varies greatly depending on such variables as the parts
of the plant included in the mixture, menetic origin and mode of culti-
vation. (Cf. Section 111, The Material.)

Dosk AxD RoUTE oF ALMINISTRATION

Four studies have described the effects of administering pure Delta-
9-THC (the major psychoactive ingredient in marihuana) to humans
at oral doses of 5-70 mg. and smoked doses of 2-20 mg. Isbell, et al.
(105, 106}, reported th-+ smoked material was nearly three times as
effective as orally consumed material in producing equivalent peak
pulse rate increases and subjective effects. His subjects, former opiate
addict patients and experienced marihiuana smokers, readily identified
the marihuana-like effect of THC. Threshold doses of 2 mg. smoked
and 5 mg. orally produced mild cuphoria; 7 mg. smoked and 17 mg.
orally, some perceptual and tirme sense changes occurred; and at 15
ing. smoked and 25 mg. orally, subjects reported marked changes in
body image, perceptual distortions, delusions and hallucinations.
Waskow, et al., (213), administered 20 mg. Delta-9-THC orally to
“marihuana naive” prisoners. i slight euphoria, mildly unpleasant
somatic effects and a few marked mental changes were noted. Holl'ster,
et al, (98), elucidated the characteristi: clinical syndrome of euphoria
followed by sedation and sleep with marked psychic changes following
oral administration of Delta-9-THC in doses of 30-70 mg. (median
50 mg.), to students experienced with marihuana. Dornbush, et al.,
(156) . demonstrated great variability among moderately experienced
users In the dose range required to produce behavioral effects {any-
where from 5-20 mg. Delta-5-THC). 5 and 10 mg. doses were inad-
equate: 15 and 20 mg. doses produced variable changes. A 20 mg. dose
administered in the fasting state produced “intense™ changes, indicat-
ing the importance of gastro-intestinal absorption when the drug is
taken orally.

ther experiments on humans have utilized either smoked mari-
huana or an oral extract of mariluana. The most extensive studyv was
conducted by Mayor LaGuardia’s Committes on Marihuana (134).
Both marihuana users and non-users were tested with an oral mari-
huana extract (dose range 30-50 mg. THC and a few 330 mg. THC)
with characteristic eaphoria and clinical syndrome resulting at iower
doses but with dysphoria at higher doses. Subjects who smoked were
instructed o do so until they felt “high.” A characteristic euphoria and
clinical syndrome was produced, especially among the user group. at
dosesof S-28 meg. THIC.

Weil, et al., (218), found smoked marihuana (18 mg. THZC) resulted
in a reintively high level of intoxication among experienced users
(134, but lesser subjective effects were reported by naive subjects.
- Meyer. et al., (144), reported that a 3.1-3.8 mg. THC dose or smoked
marihuana produced the usual social high in casual and heavy users
who were permitted to smoke as much as they chose. Clark, et al. ( 39,
40), reported on the behavioral effect of approximately 20, 30 and 45
mg. THC contained in an alcohol extract of marihuana. His marihuana-
naive subjects experienced few bohavioral effe~ts at the lower two dose
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Jevels, but the 45 mg. dose produced the characteristic effects. However,
experienced users studied by Jones, et al., (108), were able to detect
the characteristic effects of an oral extract of marihuana at dosages
as low as 4.5 mg. THC. Jones was impressed by the quantity and
quality of the different subjective effects produced by the oral and
smoked preparations. Interpretation of marihuana smoking may be
complicated by the placebo effect. That is, an individual smoking an
inert material similar in taste and odoy to Cannabis may subjectively
believe he is “high™ although the material itself is without physiolog-
ical effect.

Forney and Manno (127, 128) using a specially constructed smoking
machine have estimated that only 507¢ of the Delta-9-TIIC present
in o marihnana cigarette is delivered unchanged to the smoker’s lungs.
There was very little change from Delta-9 to Deltz-S-THC in the
smoking process. The percentage of delivery did not change by vary-
ing inspiratory volume or the duraticn of each inhalation. Studies by
Foltz, et al., (69), confirmed that 50% of the Delta-9-THC in a mari-
huana cigarette was destroved (or lost) during the smoking process.
No measurable conversion of Delta—9-TIC to Delta—8-THC or vice
vorsa was observed. There was 7% conversion to cannabinol and less
than 2% to cannabid:ol.

Qimilar time-action curves have Leen observed for pure Delta-9-
TTiC and marihuana (98, 166, 134). 4 fter smoking, symptoms began
almost. immediately and persisted for one hour at lower doses and
3_4 hours at higher doses. Symptom onset after oral administration
requires {rom one hzif to one hour, reaches a peak in 2-3 hours, and
persists for 3-5 hours for the lower doses and up to 8 hours or more
for the larger doses.

In summary, the effective dose for experienced subjects is in the
range of 2-20 mg. THC when administered by a single smoked dose.
The comparable range for oral administration is 5-40 mg. Oral ad-
ministration of doses above 40 mg. THC produce dysphoria and un-
gleas:mt somatic symptoms in many subjects. Comparable smoking

ose levels are uncommon and have not been investignted. Subjective
responses of naive gronps tend to be much more varizble and unpre-
Qictable than those of experienced users.

STBIECTIVE LIFECTS

There is much individual variation in the psychological effects pro-
duced by Cannabis. The widely divergent accounts to be found in
published papers may be acconnted for in_part by ethnic and social
differences in the populations studied, and in part by the effects of
different preparations of the drug.

The psychological effects of acute intoxication were first described
in detail by Moreau de Tours, and even after the passage of more
than a century, it is difficult to improve on his clinical description.
The effccts he mentions include eupﬁoria, axcitement, disturbed asso-
cations, changes in the perception of time and space, heightened audi-
tory sensitivity, fixed ideas, rapidly changing emotions, and illusions
ap:! hallucinations (173).

1n Westerners, though the order of events may vary a great deal, 2

typical scquence 1s euphoria with restlessness; then confusion, dis-
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turbed visual and auditory perception ; then a dreamy state; and finally
depression and sleep. On waking after sleep, there may be numbness,
dysarthria, and some amnuesia. Subjects drawn from Near Eastern
populations, in contrast, may become gay or relaxed though it is not
rare for anger to be expressed in some act of violence. Noisy laughter
mayv be accompanied by feelings of sadness (175).

Tart (202) discusses common experiences of marihuana intoxica-
tion as related by users. Sensory perception is often subjectively im-
proved, both in intensity and scope. Visual imagery is often quite
vivid bt under subjective control. The individual feels less concern
with controlling his activities. Distortion of +ime, sense, and space per-
ception are common. Common emotional effects are euphoria, relaxa-
tion, disinhibition and feelings of well-being. Commonly experienced
cognitive effects at the time of use are a dulling of attention, fragmen-
tation of thought, impaired immediate memory, altered sense of iden-
tity, increased suggestibility and a feeling of enhanced insight. Other
less common effects are dizziness, a feeling of lightness, ataxia, nausea,
hunger, paresthesias and exaggerated laughter. Mild psychotomimetic
pienomena are experienced In a wave-like fashion with larger doses
(greater than typical social usage). These include distortion of body
image, depersonalization, visual distortions, synesthesia, dreamlike
fantasies and paranoid reactions. Marked anxiety and panic may ac-
company these phenomena. Occasionally this may occur at relatively
low doses with naive individuals. The anxiety and panic is usually
alleviated if supportive friends are present. However, nearly all the
common effects seem either emotionally pleasing or cognitively inter-

esting and, therefore, highly desirable to many users.
Prystorocrcat EFFECTS

The most cousistent physiological sign is an increase in pulse rate.
This change is sufficiently dose-related and reproducible for use as a
uantitative assay with both oral and smoked pure THC (106, 144).
moked doses of 4 and 15 mg. Delta-9-THC have resulted in average
pulse rate increases of 22 and 34, respectively; oral doses of 8 and 34
mg. produced increases of 18 and 33, respectively. Correlation between
dose and pulse increase is not especially high across investigators, but
all report increases of 1040 beats for doses ranging from 2-70 mg.
THC (42, 55, 98, 127, 128, 134, 213, 218). This occurs regardless of
prior experience with marihuana. Two studies using doses up to 70
mg. Delta-9-THC, and an extract containing 255 mg. THC produced
little or no electrocardicgraphic abnormalities (105, 134), or change
in circulation rate. ]
Conjunctival injection (i.e. reddening of the eyes) is another highly
consistent physicsl sign of intoxication (35, 6, 98, 105, 128, 213, 218).
This finding has been detected with smolked doses as lowas 2.5 mg. THC
(127). Weil (218) found such reddening in all of his chronic mari-
huana users and in 8 out of 9 naive subjects using an 18 mg. THC dose.
Swelling of the eyelids (6), ptosis (106), photophobia and nystagmus
(5) have also been reported in some individuals. Enlargement of the
upils and a sluggish reaction to light were reported in earlier studies
(133, 134) . However, recent experiments in which gupﬂ diameter was
systematically measured revealed no dilation at doses up to 70 mg.
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THC (55, 98, 105, 218). In fact, Helper, et al. (89) using sophisticated
instrumentation demonstrated a slight but consistent pupillary con-
striction present within 5 minutes of smoking, a reservation of nor-
mal light responsiveness and a depression of pupilla responsiveness
to near stimulation appearing in'a few hours, probably representing
fatigue and sleepiness. Frank, et al. (19, 72) demonstrated a marked
and consistent increase in glare recovery time which persisted for sev-
era] hours and was not dose related. Further tests revealed that this
finding was not related to change in illumiraiion threshold or pupil
size. This may indicate a significant hazard in night driving. Studies
on near and far visual acuity, eye musc!: balance, visual field acuity,
depth and color perception are incomplete. Caldwell, et al. (24, 25, 2€)
have demonstrated neither an impairment nor an improvement in
objective visual acuity or in the perception of light brightness in naive
and exverienced users at 4-6 mg. smoked THC goses. Clark, et al. (39}
demonstrated no effect on depth perception, duration of after image
or visizal motor coordination tests.

Reports on the effects of a wide range of marihuana dosages on
bleod pressure are inconsistent. Investigators using pure THC have
reported slightly lowered blood pressure (98, 105, 213). Others have
reported small Increases (55, 134). Some have been unable to demon-
strate any change using smoked or oral preparations (199).

Body temperature is generally unchanged (98, 106, 199). Little or no
effect on Tespiratory rates (55, 105, 218), lung vital capacity or basal
metabolic rate is noted. This is true cver a wide dosage range (134).
Dryness of the mouth and throat are vniformly reported (6). In-
creased frequency of urination is often reported, but increased urine
volume has not been consistently recorded (6, 134). Another carefully
controlled clinical investigation (199) revealed no changes following
oral ingestion of a marihuana extract In such measures of kidney func-
tion as: routine urinalysis, fluid intake, and 24 hour urinary output,
electrolytes, protein and creatinine. Eight subjects and dosages rang-
ing from 7.5 mg. to 52.5 mg. were studied. Hollister (98) also demon-
strated no change in normal 24 hour creatinine excresion. The La-
Guardia Commission also found no change in kidney function (134).

Broceeaacan EFFECTS

Reports of increased hunger especially for sweets during Cannabis
intoxieation have focused attention on possible changes in blood sugar
level (5, 6,127, 134). Early investigators reported decreases (12, 121),
but more recent studies have found no change (56, 92, 98, 105 127, 199,
218) or a slight increase (128 134) or both ?153). Hollister, et al. (92)
found an increase in total food intake which was significant after
26 mg. THC when the subject had eaten breakfast but not when he was
in the fasting state. Reports of appetite stimulation and subjective
hunger occurred in slightly more than half of the subjects. Hollister
was unable to demonstrate a change in blood sugar. Free faﬁ acid
levels were unchanged while a decrease was observed in the placebo
control group. ‘

Hollister ?93, 98) analyzed blood and urine samples subsequent to
oral administration of either THC (15-70 mg.) or synhexyl (50-150
mg.). Total white blood cells increased and absolute eosinophils de-
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creased. No significant changes were demonstrated in platelet sero-
tonin content, plasma cortisol level or urinary catecholamire excre-
tion. These findings inrdicate a lack of major effects of marihuana on
these physiolcgical measures of stress. This differs significantly from
findings 1n schizophrenics and individuals treated with LSD or mes-
caline who show such stress reactions. The hypothesis has been ad-
venced that in most individuals the profound euphoriant and sedative
eflect of marihuana may serve to prevent the stress of the psycho-
tomimetic experience that results with high dosages of THC.

Two studies (134, 199) have examined possible marihuana induced
hematological and blood chemistry changes. No changes were found
in: red blood cell structure or number; differential and total white
blood count; platelet count; reticulocyte count; blood ure2 nitrogen;
concentration of sodium, potassium, chloride, bicarbonate, calcium,

hosphorous; liver function tests (alkaline phosphatase, bilirubin,

GOT); protein electrophoresis; uric acid concentration. Doses
ranged from 7.5 mg. to 75 mg. THC equivalent.

NEUROLOGICAL KFFECTS

Neurological examinations have consistently revealed no major ab-
normalities (134, 180, 199) during marihusna intoxication, Muscle
strenoth and performance of simple motor tasks are, however, af-
fected. Several investigators (65, 98, 134) noted decreased leg, hand
and finger strength at oral dosages of 30 to 75 mg. THC. However,
electromyography has been reported to be within normal limits even
at up to 52.5 mg. THC taken orally (199). Most investigators (98,
105) have not Jemonstrated change in threshold for elicitation of
deep tendon reflexes although Rodin (180) described a slightly in-
creased briskness in the knee jerk. Fine hand tremors are often re-
ported (6, 12,40, 134). Decrements in hand steadiness and static body

uilibrium appear to be dose-related phenomena (127, 134) although
other investizations have been unable to demonstrate these (180, 199).
Other cerebellar dysfunctions are not evident. Cranial nerve function
and somatic sensation were unimpaired (180). .

Cannabis users often report increased auditory sensitivity and es-
thetic appreciation of music. Objective tests of auditory acuity in-
cluding pitch, frequency and infensity or threshold discrimination
have been found to be unchanged (4, 24, 25, 26, 39, 134). However, two
earlier in- >stigators (211, 223) reported objective improvement in
auditory acuity in several of thelr subjects. .

Improvement in visual acuity is often reported by users of mari-
huana. However, investigators have been unable to demonstrate sig-
nificant changes in objective visual acuity, brightness discrimination
(24, 25, 26) or visual flicker fusion frequency discrimination (39).
Depth perception, estimating length of lines (39, 134) and field inde-
pendence measured by the rod-and-frame test are all unchanged (94,
108)-

R)odin (180) has demonstrated 2 slight but statistically significant
improvement in vibratory sense. Both Rodin and Williams, et al. (223)
found other sensory discriminations including touch and two polnt dis-
crimination unchanged. However, one investigator, Rumpf, reported
an impairment in two-point discrimination (211). Pain sensitivity has
been shown to be decreased (199) as is also suggested by marihuana’s
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early medical use as an analgesic. No change has been demonstrated in
olfactory threshold or in taste discrimination (223). ] ]

One of the most frequently reported effects of intoxication is a dis-
tortion of the sense of time. Time is almost always overestimated, that
is, perceived as being longer than clock time. This phenomenon has
been experimentaily confirmed by most investigators (6, 40, 56, 94, 218,
993), and is much greater for filled as opposed to unfilled time, Le,,
when the subject estimates the elapsed time while performing a task.
This overestimatioa is found for time periods ranging from seconds to
hours. Overestimation error appears to increase w.ith longer time pe-
riods (40). Hollister found that the overestimation of time produced by
marihuana intoxication was much closer to clock time than the gross
underestimation induced by alcohol or dextroamphetamine inges-
tion (94).

Regorzzed changes in resting electroencephalogzam (EEG) during
single dose administration have generally been minimal, inconsistenc
and within normal limits with rare exceptions. Early investigators
generally recorded an increased abundance of low voltage fast activity
and a slight decrease in alpha wave percentage and frequency (222,
993). This has been reported recently in several subjects by Jones
(108). Recently, several investigators have shown no statistically sig-
pificant alteration of normal EEG with only minor variation between
subjects at doses of THC up to 52.5 mg. orally (6, 199, 108). Rodin
(180} has detected a slight but statistically significant shift toward
the slower alpha frequencies (9 to 10 cycles per sec.) in 10 experienced
marihuana users who smoked to achieve their usual “social high.” The
average dose of THC consumed was 10-12 mg. Hollister confirmed this
finding of increased and more synchronized aﬁpha rhythm using 32 mg.
THC orally in 16 subjects (99). There was no change in peak or mean
frequency or total waves noted. This minimal EEG change resembled
drowsiness or sleepiness and was not readily distinguisha%le on visual
inspection from the placebo control EEG when drowziness also oc-
curred. Preliminary studies by Rickles appear to support these findings
(177). In addition, Rodin (180) has reported no significant change in
cerebral evoked potentials at 15 different sites for light, sound and pas-
sive joint movement. He also found no significant change in photic driv-
ing response. Jones (108) described a decrease in visual evoked re-
sponse in preliminary work. Thus far, EEG findings following acute
administrations at levels of social usage do not suggest changes in brain
functioning indicative of gross cerebral dysfunction. Adult EEG wave
changes are considered sxiniﬁcant clinically only at frequencies less
than 8 cycles per second. This occurs characteristically in certain toxic
and degenerative central nervous system processes.

Preliminary work on the effect of marihuana on sleep has demon-
strated an increase in total Rapid Eye Movement (REM) sleep time
(177). (This is the deep period of sleep when dreaming occurs.) Rickles
(178) has also done preliminary work on evoked palmar skin resistance
and evoked heart rate responses durin% marihuana intoxication. The
former was greater and more variable and subjects demonstrated
delayed habituation to it. '
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Psycunarotor axp CooNrirve EFFECTS

Intoxication with psychoactive substances affect psychomotor and
cognitive functions. Marihuana is no exception as 1s apparent from
the assertions of users. Experimental confirmation is evident from a
wide range of studies (39, 40, 42, 56, 94, 108, 127, 128, 134, 136, 141, 142,
144,186,217,218).

In general, above a threshold dose of 15-30 mg. orally or 4-10 mg.
smoked, a performance decrement or impairment on a wide range of
tests occurs. In many instances, the dcgree of impairment is dose
related and varies during the period of intoxication. A minimal decre-
ment is observed, both subjectively and objectively, at lower dosages
and during the time period when the level of intoxication is increasing
or declining. A moderate impairment occurs at higher dosages and
during the period of peak intoxication.

Naive subjects do not react the same as do experienced marihuana
users at the same dose levels. Naive subjects commonly report less
marked subjective effects than those reported by experienced users.
However, naive subjects demonstrate greater decrement in actual
performance (218). Experienced users seem better able to compensate
for the acute drug effects on ordinary kirds of performance, at least
at lower dose levels (39, 40, 42,108,144, 217).

The complexity of the task is related to performance while intoxi-
cated. Simple and familiar tasks are minimally affected. But, if the
task is complicated enough, decrements in performarce are demo:-
strable (217). In addition, the effects of marithuana are not consistent
from subject to subject with marked individual differences in per-
formance (39,40, 127).

The intensity oz the intoxication and the degree of related perform-
ance deficit varies cyclically from moment to moment. This contributes
to the considerable variability in performance between subjects and
in the same subject at different times (40, 141).

In summary, marihuana in acute administration appears to act as
2 mild mental intoxicant in a neutral laboratory setting (108, 218).
At the level of intoxication characteristic of the “normai social high,”
it ]1>roduces a subtle alteration in emotional state characterized bv a
feeling of euphoria, excess jocularity. and a minimal but subtle im-
pairment of higher intellectual functioning. In most instances, this
alteration in mental functioning is not consistently recognizable by an
observer who does not know the user has received the active drug.
Typically no gross unusual behavior, inability to function or intellec-
tual performance is apparent. When subjects concentrate on the task
being performed, no objective evidence of intoxication may be appar-
ent. The subjects are easily able to “suppress the marihuana higlgx” at
least on the simpler, more familiar tasks (180).

Marihuana users consistently report interference with short-term
and Immediate memory functions (202). Researchers have thecefore
focused experimental investigation on these areas. Very simple mem-
ory tasks (forward and backward digit span) have given mixed re-
sults (134, 141,213). More complex tasks in which memory and mental
manipulations are required show larger dose related impairment (108,
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134, 141, 213). This exemplified by simple cognitive func:ions per-
formed while distracted by delayed auditory, feedback or background
noise (127). More complex cognitive functions such as learning of a
digit code (40), digit-symbol substitution (218), reading comprelen-
sion (40), speech (217) and goal directed arithmetic tasks (141} are
all impaired.

Clark (40) suggests that marihuana affects the mental processes
involved in recent memory and types of decision requiring recent mem-
ory and sustained alertness. Weil (218) describes subtle difliculties
with speech experienced by marihuana smokers. The primary difficulty
tsund was In “remembering from moment to moment the logical
thread™ of the conversation. He hypothesizes that more effort is neces-
sary when “high” to retrieve information from the brain’s immediace
memory storage.

Melges, et al. (141) demonstrated that maribuana intcxication sig-
nificantly impaired the ability to: (1) retain events from the preceding
few seconds to minutes: (2) shift attention appropriately from one
focus to another; and (3) to organize an< coordinate serizlly in time
recent information while pursuing a goal directed task. He termed
the resuit of these inabilities “temporzﬁ disintegration,” that 1s, diffi-
culty in retaining, coordinating and indexing serially in time those
memories, perceptions and expectations which are relevant to the goal
being pursued. He theorizes that episodic impairment of immediate
memor ¥ is the basic cause of these difficultiecs. He suggests that extra-
neous perceptions and thoughts occupy the void in thought created by
the memory lapse, thus causi.ni disorganized speech and thinking.

Melges (142) also suggests that “temporal disintegration” is asso-
ciated with “depersonalization™ during marihuana intoxication. He
hypothesizes that furpaired immediate memory leads to a “fragmenta-
tion and disorgarn.ization of temporal experience.” This blurring of the

rsonal past, present and future context in which the individual has

is personal identity cruses him to experience himself as strange and
unreal (deperscralized) during Meithuana intoxication. Melges feels
that the response to depersonafizaiion °s umique for individuals. When
the distortion sf self is recognized as iime-limited and drug related, it
is usually experienced a5 pleasurable. i when an individual’s person-
ality causes him: to fear that loss of his identiiy and self-control of self
may not end, acute anxiety and panic reactions may result.

TRIVER PERFGRIMANCE

There are two preliminary studies of the effect of social marihuana
intoxication on automouvile ariving performance. Crancer (42) studied
the effect of smoked marihuana (22 to 66 mg THC) on simulated driv-
ing performanca. The subjects were seated in a console madel of a re-
cent car and performed the usual driving maneuvers in response to a
series of situations portrayed in a film. Experienced and naive subj cts
dernonstrated no sigpificant devrcrert in aceelerator, brake, turn
signal, sieering and speed variables as compared to non-drug centrol
sabjects. Subjects intoxicated with alcohol to the legal intoxication
level (160 mg % blood alcohol concentration) made significantly
greater errors (15% suore) than both the non-drug control and mari-
huana subjects. Intersubject variation was observed during marihuana
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‘ntoxication. Thus, about one-half the subjects did better and one-half
worse than the controls. The subjects indicated that their driving per-
frrmance was aflected but that they could compensate by driving
stowly and cautiously. Tt shonld. of course, be noted that tle leeal level
of alcoho! intoxication is probably hirher than tyvpical levels of social
use of aleohol. I3y contrast the doze of marihuana used in this research
may have more closely approxinated a typical level of social mari-
huana use.

McGlothlin et al. (126) believe laboratory measures of attention
siills are one of the best predictors of actual driving performance. ITe
has demonstrated that oral or smoked marihuana (dose 15 ma THC )
produces decrements in measures of vigilance, divided attention and
psycholugical refractory time as does alcohol (peak blood aleohol con-
centration 68 mg %, in comparison to placebo controls). Perhaps this
apparent discrepancs can only be resolved in a more complex, sophis-
ticsi>d sir:lator which accurately reflects the complexities of actual
driving.

GExETIC EFFECTS

Concern ¢ver the possible role of cannabis in causing birth defects
1s an inevitable consequence of our generally increased awareness of the
teratogenic and mutagenic potential of drugs. Although there are two
isolated case rep«ris (28, 85) of birth defects in the offspring of par-
ents who bave used both cannabis and ILSD it is impossible to attribute
a czusal roje to t!s drugs. Becausc of these findings, Neu et al. (154)
have examined the effeccs of Delta-8 and Delta-9-TIIC added to hu-
mzn micro-bleca cuitures. This caused a marked decrease in the rate
of cellular division but did not cause structural damage.

Because of the basic importance of the question of birth defects as-
sociated with drug use, researchers are pursuing the inquiry. It should,
however, be emphasized ihat there is little basis at present for suspect-
ing that cannubis use is likely to lead to such defects. Nevertheless, the
use of any drug substance of unknown teratogenic or autagenic prop-
erties is obviously unwise especially by women during the child bea ring
years.

MeTa 30LISM

One study has been published regarding the biological fate of
Delta-9-THC in man. Lemberger et al. (119) injected a tracer dose
(0.6 mg) of radioactivity labeled Delta-9-THC intravenously into
three marihuana naive subjects and followed its course in blood, urine
and feces. They found that Delta-9-THC is completely metabolized
in man. The metabolites appear in the blood within ten minztes, 30%
are excreted in the urine and 50% in the feces over a period of eight
days. Most are excreted in the first few days. Delta-S-THC in the
plasma declines rapidly during the first hour after injection and more
slowly thereafter. The initial rapid decline, occurriag in the first few
hours, probably represents metabolism and a redistribution of Delta-
9-THC from the blood to the tissues (including brain). This is fol-
lowed by a slow declining phase over the next three days which

resumably represents retention and slow release from tissue stores.
Negligible amounts of Deita-9-THC are excreted in the urine and
feces. In the present study, the 11-hydroxy-Delia-9-THC metabolite
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appears to be only a minor metabolite of the Delta-9-THC and the
remainder consists of unidentified more polar compounds. No data are
presently available dealing with metabolic disposition of THC in ex-
perienced marihuana users.

PaARMACOLOGICAL CLASSIFICATION

The chemistry and clinical pharmacology of marihuana is distinct
from that of the opiates, ethyl alcohol, barbiturates, amphetamines,
atroﬁ)ine alkaloid-like drugs and psychotomimetic compounds (e.g.,
LSD, mescaline, psilocybin). However, the pharmacological action of
marihuana has some similarities to properties of the stimulant, seda-
tive, analgesic and psychotomimetic classes of drugs.

In large doses, cannabis drugs bear many similarities to the psy-
chotomimetics. Isbell (104, 105) described marked distortion of audi-
tory and visual perception, hallucinations and depersonalizaticn. He
found LSD was 160 times more potent as a psychotomimetic than
Delta-9-THC. The wave-like experiencing of effects is also similar
for both types of drugs (40, 141). However, there are numerous dif-
ferences between cannabis and the strong hallucinogens: inc
body temperature, blood pressure and constricted pupils do not occur
with Tng (19, 72, 89, 104, 105) or related synthetic analogues (19);;
sharply increased pulse rate and conjunctival reddening are common
for cannabis but not for LSD (95) or mescaline (96) ; cannabis intoxi-
cation ends in sedation and sleep while wakefulness is characteristic
of LSD and mescaline; acute changes in brain wave patterns charac-
teristic of LSD are absent with marihuaca (99, 108, 181) ; tolerance
is not appreciable, at least at the usual doses for cannabis but occurs
very rapidly with the psychotomimetics; there is no cross-tolerance
in man between LSD and Delta-9-THC (104) ; the subjective effects
of even large doses of marihuana are milder and more easily con-
trolled than those for LSD. The differing subjective effects of tke two
drugs are readily distingnished by users {104), and Delta-9-THC and
marihuana even at high doses (70 mg) appear to lack the major effects
on biochemical and clinical measures of stress found with the psy-
chotomimetics (93, 95. 96).

In low doses, the effects of marihuana and aleohol are stmilar. Both
produce an early excitant and later sedated phase, and are commonly
used as euphoriants, relaxants and intoxicants. At low doses, subjects
experience difficulty differentiating the effects of alcohol from mari-
huana and placebo. This difficulty is apparent especially when the
marihuana and placebo are smoked and smell and taste senses are
intact. Bu, this appears to diminish as the dosage is increased. The
marihuana high is subjectivel: easily distinguishable frem alcoholic
intoxication (92, 94, 108, 127).

The margin of safety for Delta-9-THC is far greater than that of
ethyl alcohol (19). In large doses alcohol acts as a general anesthetic
producing a primary and continuous depression of the central nervous
system. Experiments have shown that alcohol decreases mental and
physical performance but does not alter sensory perceptions. It does
slow brain wave rhythms (179).

Hollister et al. (94) compared the eflects of 95% ethyl alcehol (50—
60 gm dose) and marihuana extract (27-37 mg THC dose) on mood
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and mental function. He found alcohol and marihuana similar in
their effects except for the alteration of perception that was produced
by marihuana but not by alcohol. Both produced decreased activity,
euphoria and sleepiness, and decreased performance on psychometric
tests. Marihuana led to moderate overestimation of time while alcohol
produced grossly exageerated underestimation of time. Thus, the esti-
mate of clapsed time during marihuana intoxication was more accurate
than with alcohol. Hunger and food consumption were increased by
marihuana and decreased by alcohol. Neither changed blood sugar
level but alcohol decreased free fatty acid level (92).

Manno et al. (128) compared the effect of smoked marthuana (5-10
mg THC) with a subintoxicating level of alcohol (50 mg % blood
alcohol concentration which is about the level produced by three bot-
tles of beer in a 150 Ib man) on performance on a pursuit rotor task
and on mental function tests while distracted by delayed auditory
feedback. This alcohol level was the threshold level to produce decre-
ments in performance in a previous study with these tests. Ie con-
cluded that performance decrement produced by marihuana was equiv-
alent to that produced by alcohol. The combination of alcohol and
mlarihuana generally led to a poorer performance than either drug
alone.

In summary, marihuana cannot be accurately classified with specify-
ing dose level. In small doses stimulation is followed by sedation. In
high doses, particularly with Delta-9-THC or concentrated oral ex-
tracts of marihuana, psychotomimetic effects are possible, but these
are rarely attained (or sought by users) with smoked marihuana.
Pharmacologically, cannabis is unique and distinct from the follow-
ing hzllucinogens, opiates, barbiturates, and amphetamines. Qualita-
tively, as an acute psychoactive agent, marihuana resembles alcobol
but does not produce the same central nervous system and general
physiological effects associated with alcohol.

CHRONIC EFFECTS: EXPERIMENTAL FINDINGS

Marihuana has been administered to human subjects for extended
periods of time in only a few studies. Williams (223) reported in 1946
on the oral administration of synhexyl (a synthetic marihuana ana-
logue) for 26 days and marihuana cigarettes for 39 days to prisoners
who were experienced marihuana smloi{ers. Subjects were %lmutted to
consume the drugs freely in any quantity they desired. The number
of marihuana cigarettes (no estimate of the Delta-0-THC content
available) used increased slightly over the 39 day period. The range
was from 9 to 26 with a mean of 17 per day. The mean amount of
synhexyl consumed by the second group of six subjects increased stead-
ilv from 200 mg the first day to 1600 rag daily at the 26th day. Three
days after discontinuation of synhexyl, subjects reported restlessness,

r sleep, reduced a %etite, “hot flashes” and perspiration. One sub-
ject exhibited a brle? ypomanic reaction an(F:mother developed a
severe emotional reaction. Howerver, there was no observable abstinence
syndrome following the abrupt termination of marihuana smoking.
Thus, there was only minimal evidence of the possible development of
physical dependence or tolerance to marihuana. Tolerance and physi-
cal dependence did appear to develop to oral synhexyl. The effects of
synhexyl are slower in onset and last longer than Delta-9-THC (98).
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MEASURES TAKEN DURING YHE DRUG PERIOD

Messure jaterval Marihusoa Synherxyl
Rectal tempetsture. Daily .- Increased siightly. .. ... ....... Decressed sliightly,
Puls® 1218 e nne. cccecnancoannnas [ SO, Increased for 3 weeks, thea jocreased initally, then de-
] returned to nurnal, creased below pormal.

Respiratory rate. . --do.. -- Mo evaue ccascsassanan Decreased.

Systolic biood Pressire. . eee.o..-- d0....cconaneana Shghtly 1Cieased. o ceaeancnee No change.

BOdY WOEHeee e e ceeeenmonnanan P Increased. ... ..ocooeceoomannae t

Calonc intake. «=.00. .. Initial increase, then progres-
tive decline.

Sleep..... ——— waeaCO .. increase. . .. . .cecicacnnanen incresse.

2 e 00.cceounanancn Euphoria for several ¢ays, then  Euphoria for 3 days, then in-
general lassitude and indifter-  creased lethargy and general
ence. ks of interest,

Coordination e v e acacnacen z ............. Nochange ... .ceeeeeucacncne. :? uc.ham

Genera} intelligence tests___._ Baseline bg:n med- Slightly impaured ... _____.._. Skghtly impaired,

on medicaticn; 3
days after discon-
tauaton,

Rote MEMOLY. .o.oceccenaseccncn-s 00.ccecanccuana Nochaage....cccuvemececaacan No change,

Psychomotor tests. ... occcue.ae- do...........-- increased speed, less accurzcy..

[ 47 J 14 days on medica-  Not consistent, tendency toward

. tion. slowed alphs frequencres,
Increased and decressed alpha  Dacresced sipha frequencies
and occasiomal delta in 2 of 6,

S days after discon- m.
tunuance.

Siler (189) in 1933 reported on the results of an experiment in whick
marihuana cicarettes were freely available to 34 subjects for an av-
erage of six (Tays. The daily mean consumption was 5 cigarettes per
day (range 1 to 20). No abstinence symptoms nor i1l effects were noted.

In a recent preliminary study (199), oral marihuana extract was
administered to eight terminal cancer patients (age range 20-78; mean
54.4 years daily for from 4-13 (mean 8.5 days). Calculated daily doses
of THC were progressively raised by the investigator from 7.5 mg
to 2 maximum of 52.5 mg with a mean dose of 19.8 mg THC per pa-
tient per day. Total THC dose per individual patient ranged from
75-210 mgs with a2 mean of 168 mg. All eight patients experienced
euphoria, 1 of 8 had an episode of acute anxiety, 3 of 3 gave objective
evidence of pain relief as measured Ly decreased opiate analgesic re-
quirements, 5 of 8 reported improved appetite, 4 of 8 had mila halluci-
nations at the higher drug levels, snd 5 of 6 demonstrated improve-
ment in depression (Beck scale). No significant changes were found
in physica] condition, neurological status and a wide range of blood
and urine laboratory tmdmﬁs were unchanged. Fed adverse physcho-
logical effects were noted and potential therajeutic effects were demon-
strated. Therapeutic effects found were decreased depression, in
appetite and analgesia. There was no evidence of physical c: pendence
and no abstinence symptoms were reported after abrupt discoitlnua-
tion of the drug. Although drowsiness was common, lethargy, lassitude
and indifferencz wcre not noted.

Mirin (152) has studied a group of male heary marihuana smokers
who had used the drug for an average of 4.4 years about 20 to 30 times
a month. For 3 of the 4.4 years (range 155 years), they had smoked
virtually every day. Another group of casual marithuana smokers, com-
})arable in age (25 years), educational experience (1 year graduate

evel), racial distribution (predominantly white) and social class
(parents of higher socio-economic backgrounds) used marihuanalto4
times 2 month for less than 2 years. Heavy marihuana use appeared to
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be correlated with: psychological dependence, search for insight or
meaningful experience, multiple-drug use, poor work adjustment, di-
minished goal directed activity and ability to master new problems,
poor social adjustment and poor heterosexual relationships.

Meyer (144) has been able to compare the effect of smoked mari-
huana on these two groups in the laboratory. In preliminary experi-
ments, subtle differences are observed which may indicate the presence
of tolerance to some of the effects of smoked marihuana in heavy
(daily) users. The total quantity of marihuana consumed to obtain a
“very high” state judged subjectively was slightly less for the heavy
user group (8.12 g THC for heavy vs. 3.78 mg THC for casual
group) not a statistically significant difference. The heavy users

showed smalier pulse rate increases and less subjective and mood ef-

fects. Minimal to no impairment was seen in the heavy user group on
perceptual and psychomotor performance tasks while the casual users

showed decrements in these functions. The findings are generally con-'

sistent with the differences in performance noted in naive and chronic
raarihuana users by other investigations (39, 40,108, 134, 218).

HEALTH CONSEQUENCES FOR THE INDIVIDUAL OF
MARIHUANA USE

In this section, health consequences will imply any toxicity which
is directly related to consumption of marihuana or related substances.
Toxic reactions are defined as any effects that result in physical or psy-
chological damage, that the user subjectively experiences as unpleas-

ant or that produce significant interference with adequate social func-
tionjng. Thus, the relaxed feeling of well-being or “high” is not con-
sidered toxic. Three factors are relevant to texicity: the drug itself,
including dose, frequency and duration of use; the personality, mental
state and mood and expectations of the individual; and the setting or

environment of drug use (193).
Suorr-TerM EFFECTS

The acute physical effects of marihuana intosication including
bloodshot eyes, burning or itchy eyes, dry mouth, excessive hunger,
Jethargy, rapid pulse have been discussed in previous sections and will
not be repeated. These are minor effects of the drug and should not be
considered major toxic reactions. The acute mental effects of the intoxi-
cation, including a variety of perceptual alterations, short-term mem-
ory loss, temporal disorientation, and depersonalization considered
toxic reactions by many are frequently desired by the user. Such sub-
jective reactions may sometimes progress to acute anxiety attacks and
even acute psychoses in some cases. Tt is noteworthy that these acute
physical and mental effects consistently appeared in the scientific lit-
erature of the late 19th century as a “toxic manifestation” of medical
use of cannabis preparations (127). o .

Ungerleider, et al. (208) in 1968 concluded a survey of 2700 psychia-
trists, psychologists, internists and general practitioners in Los Angeles
regarding parents’ adverse reactions to hallucinogenic drugs. “Adverse
reactions” reported ranged from mildly un leasant parental objections
to use to severe anxiety or acute psychosis. Although 1887 “adverse
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reactions” were reported among these patients, the actual role of
hallucinogenic drugs in causing the symptoms is not clear. The major
implication of the study is that, among persons who are receiving pro-
fessional help for personal problems, ﬁrug use mixed with personality
dysfunction 1s frequently found.

The Haight-Ashbury Free Community Medical Clinic over a two
year period from its opening in the summer of 1967, has treated over
40,000 young people for medical and psychiatric problems (193). These
people include college students, professionals, working class people,
as well as members of the Haight-Ashbury Free Community. 90 to
$5% of its clients have had experience with marihuana (192). Smith
(192,193) has reported on the acute and chronie toxicity of marihuana
in this population. Smith states that the role of the drug itself is over-
emphasized as a factor in toxicity.

Physical damage directly resulting from marihuana use alone is
unproven at present (192). Although a few scattered reports of deaths
associated with cannabis use are to be found in the literature, (17,
49, 62, 90, 101) there have not been any reliable reports of human
fatalities attributable purely to marihuana (193). Very high doses
have been given without causing death and the median lethal dose has
not been established in man (19). Most of the fatalities are reports from
Indian ﬁx)perience in the 19th century with large oral doses of charas
(hashish).

A recent cast report (100) presented the association of eating large
amounts of marthuana over a 3 day period with the occurrence of
severe diabetic coma and ketoacidosis in a young male without a
family history of adult onset diabetes. The patient had not previously
exhibited any symptoms of diabetes. No other precipitating factors
were evident. The author speculates that the stress of marihuana inges-
tion may have been greater than the adaptive capacity of a marginal
glucose regulating system. It is difficult to interpret the significance
of such isolated case reports.

Other reported cases (78, 87,116) relate severe physiological disturb-
ances following intravenous injection of boiled suspensions of can-
nabis in multiple drug users. Chills, muscle aches, weakness, abdominal
cramps, slowed respiratory rate and low blood pressure were uni-
formly observed. Ot%er atients experienced diarrhea, vomiting, ve
rapid pulse, elevated body temperature, enlarged spleen and liver, pul-
monary congestion and abnormal kidney function. These symptoms are
believed to be primarily due to the reaction to intravenous injection of
a foreign material.

Some of the most common toxic reactions which have been encoun-
tered at the Haight-Ashbury Medical Clinic are nausea, dizziness, and
a heavy, drugged feeling where every movement required extreme
effort (193). These reactions represent getting “too stoned.” Most
frequently, they occur with o~ consumption or in inexperienced mari-
huana smokers. Due to the . _pid onset of psychoactive effect, smoking
usually allows the rienced individual to control or “self-titrate
his dose to achieve a desired e’él”. Thus, he is able to stop smoking
at the first sign of subjectively defined unpleasant effects. This ability
control dose and effect is not available to the inexperienced smoker or
when the drug is consumed orally. ” , ,
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Another factor may explain the clinical observation that heavy
chronic users of marihuana can tolerate higher doses without encoun-
tering acute (physical and mental) toxicity. This factor is tolerance.
Smith (193) suggests a “J” shaped time curve of tolerance to mari-
huana. A novice exhibits a iuoderate degree of tolerance. With in-
creasing experience with the drug, he “learns to get high” causing a
reverse 1n tolerance. That is, he requires less drug to reach his desired
high. With chronic heavy use, tolerance increases again.

Some (119, 13S) have suggested that a biochemical phenomenoxn
accounts for tolerance and reverse tolerance. Possibly the enzyme neces-
sary to metabolize Delta-9-THC to an active agent requires some prior
marihuana use to develop sufficiently. The maximum attainable quan-
tity of this enzyme may be the factor that controls the development
of tolerance with chronic use.

Whatever the cause, the evidence suggests that mild tolerance to
cannabis develops with chronic use of large doses (35, 51, 62). How-
ever, more moderate use for many years may not necessitate increas-
ing doses (188). It is doubtful that Indian ganja and charas smokers
could consume an estimated 720 mg THC average daily dose without
having developed some degree of tolerance (35). Other investigations
have found that smoked doses of 20 mg THC and 70 mg Delta-9-THC
orally often produce dysphoric reactions in experienced but non-
heawily using marihuana smokers (105, 134).

Both Weil (216) and Smith (192) believe that non-drug factors play
the most important role in the occurrence of acute toxic reactions. That
is, the e~ =t of marihuana on the individual depends to a large extent
on the .eraction of drug effect with the individual’s psycﬁological
makeu ., expectations, attitudes, mood and the physical and emotional
circumstances surrounding drug use. The great variability in these
factors makes the effect of marihuana rather unpredictable in many
iy pereent (50%) of h the Haight-Ashb

ifty percent (50%) of the acute toxic cases in the Haight- ury
Medical Clinic (193) and 75% of those seen in hospital practice by
Weil in Boston and San Franciscc represent “novice anxiety reactions”
or panic reactions (216). In these cases, the individual interprets the
physical and mental effects of the drug to indicate he is dying or
“Josing his mind.” The large majority of these occur in novices who
often have strong underlying anxiety surrounding marihuana use
such as fears of arrest, of disruption of family and occupation rela-
tions, and/or of possible physical and mental dangers.

The majority of these reactions appear to occur in people with
relatively crzifia personality structures (193). In the presence of
psychological stress, simple transient neurotic depressive reaction may
occur in these same types of individuals. According to experienced
clinicians, both these types of reactions are transient and require
simple, gently but aathoritative reassurance that nothing is seriously
wrong with the user and that the drug eifects will wear off in several
hours (193, 216). Several other investige®ors reported a number of
cases of this type (8, 9, 79, 82, 165, 188).

Numerous reports of cases of acute psychosis precipitated by cannabis
use usually associated with existing stress have recently been reported
in the literature (5, 20, 21, S8, 100, 105, 11C, 134). However, these
appear to be relatively infrequent under most conditions of casual
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use (118, 193, 216). These psychotic episodes may occur in persons with
a history of mental disorder, in individzals who are marginally ad-
justed or in those who have poorly developed personality structures
(192). Marihuana intoxication may hinder the ability of the individual
to maintain structural defenses to existing stresses or else produce a
keener awareness of personality problems or existing stresses in the
individual. Psychotherapy and antipsychctic medication are useful
in the control and prevention of these reactions (216).

Weil (218) reports an exceptionally rars occurrence of nonspecifie
toxic psychosis or acute brain syndrome occurring after an oral over-
dose of marihuana. He believes that certain toxic constituents of can-
nabis may get into the body when the substance is eaten but which are
destroyed or non-volatilized in the smoking process. This type of
reaction has, howerver, also been reported in the eastern experience to
accompany increased amounts of smoked cannabis over a short period
of time (11). These toxic psychoses appear to be self-limited. Similar
reports of brief, self-limited psychoses have been observed during
experimental administration of high doses or oral marihuana or
THC (6,106,134, 223).

Weil (218) also reports marihuana intoxication may trigger a
delayed psychotic reaction ir a small percentage of persons who have
previously taken other hallucinogenic drugs. Since such reactions may
occur without subsequent marihuana use, the exact role of marihuana in
precipitating them 1s uncertain.

DePENDENCE AND WITHDRAWAL

Sedation and sleep are the immediate after effects of acute intoxi-
cation, especially when used in the evening. Williams {223) re%rbed
increased amount of time spent sleeping during chronic use. Pivik,
et al. (167) have reported that oral administration of 20 mg Delta-9-
THC or marihuana extract slightly decreased total Rapid Eye Move-
ment (REM) time in two sleeping subjects. However, Rickles, et al
(177) have presented preliminary data suggesting a subtle effect on
sleep time. He found that four marihuana smokers who used one or
two cigarettes per day for at least one year often in the evening,
demonstrated a slight increase in total REM sleep time.

This total increase was primarily due to a moderate increment in
REM time during the last one-third of the night.

Most accounts of non-medical use report minimal hangover effects
(134, 137, 223). After heavy use, some have reported { of lassi-
tude and heaviness of the head. Lethargy, irritability, h es and
loss of concentration have also been reported, usually associated with
laree doses and lack of sleep (35,101).

Reports based on Indian expericnce suggest neither severe physical
or psychic dependence. nor severe withdrawal symptoms even after
abrudpt termination of very heavy usag= (29, 74, 124, 130, 189, 211).
Evidence of possible physical dependence with physical withdrawal
symptoms following discontinuation of heavy use and of appreciable
psychic dependence is suggested by the Studies of the Indien Hemp
Commission (101), Chopra (82) and Bonquet (18). Abstinence sym-
toms most reported were physical prostration, intellectual apathy (18)
loss of appetite, flatulence, constipation, insomnia, fatigue, abdominal
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pain and uneasiness (117). Psychic dependence ma Lowever, be an
important obstacle to discontinuing cannabis use. For example, 65—
70% of Soueif’s (195) hashish users were reportedly unable to stop
their habitual cannabis use although the average frequency was only
8-12 times per month. Studies in the U.S. using much lower doses for
shorter time periods than Eastern studies have thus far found no evi-
dence of psychic or physical dependence (21,134,223).

-

CaroNic Prysicar. ErrecTs

The only physical effect firmly linked to long-term cannabis use at
present 1s (f)ermanent congestion of the transverse ciliary vessels of
the eye and an accompanying yellow discoloration (6, 32, 52, 62). No
other chronic physical damage has been satisfactorily demonstrated
although there are other suspected or reported effects. 1t is noteworthy
that many of the experimental studies of acute and chronic drug ef-
fects discussed earlier used as subjects individuals with at least one
ﬁea.r and often longer histories of moderate to heavy marihuana usage.

owever, none were able to differentiate between these subjects and
naive subjects with respect to physical or laboratory findings.

The LaGuardia report (134) of 1944 indicates no evidence of organic
damage to the cardiovascular, digestive, respiratory and central
nervous system or to the liver, kidney and blood in individuals who
had used from 2-18 marihuana cigarettes (an average of 7) daily for
a period of from 214 to 16 years (an average of 8 years). Another less
comprehensive examination of 310 persons with an average usage of
marthuana of seven years duration concluded the subjects suffered no
mental or physical deterioration (75). The Indian Hemp Drugs Com-
mission (101) of 1894 reached the following conclusion : generally the
moderate use of (cannabis) appears to cause no appreciable physical
injury of any kind. Excessive use does cause injury. The report on
cannabis in 1968 of the Advisory Committee on Dm%e]gepen ence of
the United Kingdom (The Wootton Report) concluded after an ex-
tensive review “that the long-term consumption of cannabis in mod-
erate doses has no harmful effects.” However, the Interim Report of
the Commission of Inquiry into the non-medical use of drugs (102)
concluded “there is hardly any reliable information applicable to
North American conditions concerning the long term effects of can-
nabis.” The results of studies in Eastern countries are of questionable
applicability to North American conditions because of the si ificant
differences In many of the varizbles determining drug effect. These dif-
ferences include physiological and psychological condition ¢f the
gle; conditions of nutrition, sanitation and climate; potency, drug

ose level and frequency of use; and other drug use. The Canadian
Commission stated there was no way of drawing comparisons with the
Eastern levels of “moderate use™ referred to by the Indian Hemp Com-
mission and Wootton Reports and the levels of use that might occur
in North America if the sobstance were freely available and socially
accepted. The Canadian Commission also believed that the experi-
mental design of the LaGuardia study was not up to modern standards
so that its conclusions raised serious reservations. It lacked double-
blind and placebo controls and adequate statistical analysis of data.
The reporting of results was not entirely unbiased. S numbers of
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subjects were used and the relevance of a prisoner sample to a more
normal population has been questioned.

Bronchitis, asthma and a high incidence of respiratory problems are
& frequently claimed effect of chronic use (35). The Indian Hemp
Commission concluded that chronic and excessive smoking of ganja
and charas could produce these conditions. It is noteworthy that East-
ern smoking mixtures frequently contain both cannabis resin and
tobacco. Mann (12€) et al., reported that modern electron microscopic
methods able to discriminate pulmonary tree lining cells of non-smok-
ers from tobacco smokers, detected no difference between non-smok-
ers and long-term marihuana only smokers.

Indian users have been reported to exhibit a high incidence of diges-
tive difficulties, diarrhea, constipation, weight loss and sleep disturb-
ance (35, 195). However, the effects of poor living conditions and the
prevalence of communicable disease may have been contributing fact-
ors to these symptoms in that culture.

Arteritiss was found in high percentage of heavy Moroccan Kif
users (197). This may be related to the finding of tropic foot ulcers
in chronic users (153). The significance, if any, of these scattered find-
Ings is at this time not clear.

Kew (116) has suggested a possible role or cannabis in mild liver
dysfunction in eight iersons who smoked marihuana for 2-8 years
at least six times a week. Several of these patients also admitted to use
of alcohol and oral amphetamines but denied that they used opiates
or amphetamines intravenously. Liver function tests disclosed some
evidence of mild liver dysfunction which was confirmed by minimal
changes in liver biopsy on three of the subjects.

MexTAL DETERIORATION AND PSYCHOSIS

The term mental deterioration covers many afi‘.]).lem of disturbed
mental functioning, but for the most part studies fall into three major
categories; men rillnes, brain damage, and the so-called amotiva-
tional syndrome.

For the most part, a connection between marihuana and mental ill-
ness like those of a connection between marithuana and violence, is based
on studies done in ccuntries which are underdeveloped scientfically as
well as economically. Most of these studies suffer from biased sampl-
ing, poor data collection techniques, and a failure to control for such
important variables as level of nutrition, socio-economic status, overall
standard of living, as well as cultural determinants. Many of these
cultures do not sanction the use of alcokol. As a result the potentially
drug dependent may turn to more easily available and less expensive
cannabis preparations.

In evaluating the significance of overseas studies of the relationship
of cannabis use to mental deterioration it is important to recognize the
comparatively low level of attention that can be paid to psychiatric
ilinesses and to the fate of the mentally ill in countries where life for
the bulk of the population is one of marginal survival and there are
more pressing publi¢ health problems. Here crippling chronic illnesses
long since eliminated in the West are still endemic, and mental hospitals
and trained psychiatrists do not rank high on the list of national health
priorities. Yet some of the most widely quoted studies in the literature
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on marihuana and psychosis have originated from poorly staffed and
maintained psychiatric hospitals, operating with a minimum of pro-
fessionally trained ps;)chlatrists. i

The Indian Hemp Drugs Commission paid particular attention to
the question of possible mental deterioration connected with cannabis
use, since at the time it was formed the common impression was that
consumption of hemp drugs (particularly to excess) produced in-
sanity. in addition, statistics from Indian mental institutions were
widely quoted to support the connection between cannabis and metal

oss.
From the standpoint of modern scientific methodolo?, the Indian
Hemp Commission report can be faulted in 2 number of ways, but in
its examination of the relationship of cacnabis te psychoses, this work
is still impressive for its thoroughness and objcotivity.

The Commissioners questioned the popular 1mpression that mari-
huans use leads to insanity because “the unscientific po ular mind
rushes to conclusions and naturally seizes on that fact of the case that
Jies most on the surface.” They noted that in England itself there were
wide variations between hospitals in the frequencies cf the varlous

of mental diagnosis. In India, 2 good part of this variation was
found to arise from the fact that diagnoses were made on the basisof a
“Jescriptive role” that was sent to the hospital at the time the patient
was admitted. This “descriptive role” was typically filled out nct by
e psychiatrist, or even a physician, but by a magistrate or a police-
man. Since neither the magistrate nor the policeman had the capacity
to make an accurate diagnosis, they frequently used the diagnostic cate-
gory of insanity due to excessive consumption of hemp, for lack of
any more obvious cause. .

o Commission, convinced of the unreliability of the existing hos-
pital statistics, examined all admissions to Indian Mental hospitals in
one year, 1892, in order to make its own diagnosis. Of 1344 admissions,
the commission found that cannabis consumption could be considered
to be & factor in no more than 7-15% of the cases 101). .

A second major study done in India by the hopras examined
mental hospital admissions in India from 1928 through 1939, sznd
found only 600 cases which could be traced solely and unambiguously
to the use of cannabis. At the time this study was donel,nthe number
of users of cannabis of 2ll types was extremely high in India (36).

South African mental hospitals have reported about 2 to 3% of
their admissions due to dagga smoking, and in Nigeria 14% of psy-
%c admissions were users and one half of these were cannabis
re .

Studies based on several hundreds of cases indicate that the lagg
majority can be classified as acute choses, and are 1 Wi
a “sha%toxi_c overdose” or witk ¢ ive excesses” among habitual
users. The clinical picture is that «f a severe exogenous psychosis—
delirium with confusion, disorientation, terror or anger, and subse-
qgez;t amnesia about what happened during the period of intoxication
(36)-

" Fastern suthors uniformly report fairly short recovery times rang-
ingﬁomafewdaystosixweeks.’l'hisisinsharpcontrasttothe
y recovery period typical of the functional fsychosa.. :

e symptomatology oft o acute pyschosis is highly varied and often

similar to schizophrenia at the outset. Several studies have called at-
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tention to the confused, manic aspects which frequently characterize
the state and sometimes lead to impulsive acts of violence, These
clinieal manifesta:ions are particulariy important in any a‘tempt to
assess the overall prevalonce of psychoses nmongz cannabis smokers
through examination of :nental hospital records. Socially disruptive
behavior in both Eastern and Western countries i3 <i::: & priine pre-
dictor of possible hospitalization for mental illncss. Althousit the
symptomatology of the acute psyvchosis is hizhly varied and often
similar to schizophrenia at its onsct, the acute cannabis psvchosis
does not typieally involve the type of thought disorders characteristie
of schizophrenia. Thus. it appears that this acute cannabis psychosis
Geseribed in the Eastern literature is similar to the acute toxic psv-
chosis currently being reported at lower doses in less chronic muri-
huana users in the Western World.

The existence of a more long lasting cannabis-relzted psvchosis is
less well defined. There appears to be some evidence to support the
existence of a slow-recovery, residual (2-6 months) cannabis psychosis
following heavy chronic use. The symptoms developed gradually tepd
to subside rather than developing into full-blown psya'notic systems.
ILong-term patterns of acute and subacute psychotic episcdes accom-
panying continned heavy use have also been described. These may
produce gradual psychic deterioration in habitual excessive users after
prolonged periods of time. Western experience has involved 2 level of
cannabis nsage substantially below that of these Eastern studies and
the associzted psvchic disturbances are not generally comparable.

Otuer MexTaL EFFECTS

Another group of symptoms that have been described on a worléd-
wide basis as associated with heavy chronic cannabis use is called the
amotivational syndrome (32, 36, 38, 101, 182, 212). In its extreme
form it represents a loss of interest in virtually all other activities
other than drug use—Jethargy. social deterioration and drug preoccu-
pation that might be compared to  hat of the skid row alecoholic’s pre-
occupation with drinking in the Western world. The meaning of the
term is however somewhat unclear. Some have used it as a kind of
blanket description to encompass a range of passivity as well as to
include the behavior of numbers of young Americans v ho are for var-
ious reasons dropping out of school and refusing to prepare themselves
for more traditional adult roles. Recent!r chronic American use has
been associated with a type of social mziadjustment resembling that
reported in the foreizn literature (152}. Smith describes such a syn-
drome as “a loss of desire to work, to comFet,e, to face chailenges.
Interests and major concerns of the individual become centered around
marihiana and drug use becomes compulsive. The individual may drop
out of school, leave work, imnore personal hygiene, experience loss of
sex drive and avoid social interaction” (192).

A possible milder variation of this syndrome has recently been de-
scribed by Scher in normally functioning members of the society who
tsed marihuana for at least five vears continuously throughout the
day. These individuals begin to experience a vague sense e~
thing is wrong and that they are functioning at 2 reduced level of
efficiency (186).
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The question of whether there exists a significant causal relation-
ghip between cannai-is and a motivational syndrome or only an ussoci-
ative or correlational relationshin of & person possessing these traits
and cannabis use, remains to be answered.

West has described a clinical syndrome as a result of observations
of vegular marilinana users for 3—4 years. It is his clinical impression
that many of these individuals show subtle change of personality over
tine. Noted ave: *diminished drive, lessened ambition, decreased moti-
vation, apathy, shortened attention span, loss of effectiveness, intro-
version magicni thinking, dercalization and depersonalization, dimin-
ished capacity io carry out complex plans or prepare realistically for
the future, a pecuiiar fragmentation in flow of thought, habit deteri-
cration, and a })rogressive Joss of insight.” West feels that in this
configuration of symptoms & possible orgcnic syndrome is involved
(19.219).

Recently another group of investigators (71, 221) has reported
tentative and preliminary daia on a group of nineteen hospitalized
youn%‘ (14-20) patients suffering from behavior disorders. Eight of
these had used only marihuana rather heavily, the other 2leven mari-
huana in addition to other drugs suck as LSD and amphetamines.
Clmracteristicalg' these patients showed a loss of motivation to pursue
school work and other constructive activities. Other ptoms in-
cluded regression to “primitive and magical modes of thought” and
a low frustration tolerance. Sixteen of the group showed subtle ab-
normal EEG patterns particularly related to the temporal lubes. These
researchers were strick by the similarity between these abnormal brain
wave findings in a group of cats administered a marihuana extract
intraperitoneally. The nature of the patiert group, the uncertain drug
histories and the heightened likelihood of abnormal EEG tracings on
other grounds all lead these investigators to interpret their work with
caution. They do, however, poirt oat that their human and
anima] data tend to bear out, although not yet proven, their original
clinical impression that heavy marihuana use may be an Important
factor in altering brain function and thus contrbuting to the ab-
normz] behavior they observed. They and a number of research-
ers arc continuing to study the r:lationsbhip of marihuana use to
possivle alterations in brain function.

Another possible effect of marihuans is the spontaneous recurrence
without ingesting the drug of effects lik:e those experienced when in-
toxicated. Such recurrent effects commonly calied flashbacks have been
widely reported for LSD. While such flashbacks with marthuana have
been reported (110). truly vivid experiences that recapture most of the
elements of the original experience are thought to be extremely rare
at Jeast in the tymf chronically using marihuana population seen in
the Haight-Ashbury Medical Clini 2193). Such flashbacks may be
most likely to recur following 2 particalarly adverse reaction and
may mor;r:}osely r_esemblgoa recurrent anxiety sﬂi;ate the toteaﬁ
o g experierce. Some disagreement on this point may w
memm of opinion as to how vivid and eomgfete the recur-
rent experience must be to be termed a flashback. Many users, for
example, report that new perceptual awarenesses which occurred while
“high” may persist following it. If one accepts any even mild re-
currence of any aspect of the drug experience without again ingesting
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the druge as a flashback phenomenon, that such experiences may be
rclativef:v common

Weii (216) reports the recurrence of hallucinogenic experiences
during maribuana intoxication in several individuals after occasional
use of L.SD or mescaline. These people found that their marihuana
highs changed after their hallucinogenic experience, becoming be-
nign and pleasant in some instances but disturbing in others. Unger-
leider (209) reported marihuana use recreating the LSD experience
months after the LSD experience. Favazza (64) reported another
case of marihuana triggering the recurrence of a frightening LSD
episode. There is no way of knowing whether these LSD flashbacks
would have occurred without marihuana.
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SOCIAL AND CULTURAL CONCOMITANTS OF
MARIHUANA USE

Although data concerning the social and cultural concomitants of
cannabis use is inadequate In many respects, there are certain social
constants concerning the moderate smoker which scem to hold true
across a variety of studies conducted in many countries. The mari-
huana smoker tends to be young, male, and up until the preseat time,
was predominantly drawn from members of lower socio-cconomic
groups. There are no adequate figures available as to how long the
moderate marihuana usage pattern persists, or &s to how many of the
moderate users progress to heavier use of cannabis, even apart from
their gssible prczn'ession to stronger drugs.

In the United States, marihuana smoking tends to be a group activ-
ity, and group members are persons who have more than a casual
aquaintance with one another—in sociological terms, the group is com-

d of significant others.

Induction of a neophyte into the use of the drug is ordinarily the
province of a clese peer, who sccializes him into expectation ol a pleas-
urable experience, and allays his dismay (if the mitial experimenta-
tion turns out ‘o be frightening or disagreeable) or continues to feed
his hopes (if it does not prove to be as pleasur:ble as expected) by
assuring him that it is all part of a learning experience. Females are
quite frequently introduced to marihuana smoking by male
companions.

Capnabis smoking itself has significant social elements of sharing,
with ritaal overtones. Even the fact that individuals seem to be obliv-
jous of one another once the desired degree of high has been achieved
should be considered in the context of the comfortable silences pos-
sible only among close friends.

Although the number and of marihuana smokers in the United
States are too diverse to be called a true subculture, it is & fact that
within each of the diverse groups who use the drug, there is a shared
value system, of whicl: cannabis use is only one part. Groups with
very diverse value sys¢ms, for example motorcycle mangs like Hell's
Angels and hippi> residents of the early Haight-Ashbury, would both
use cannabis, but obviously in the context of vevy differcnt life styles.

But whatever the diverse value systems of the different groups of
canaabis users the major presenting social fact to those charged with
the protection of the nation’s health, is that cannabis use tends to be
an activity of iiss young, drawn from all socie! classes. It is compara-
tively easy to identify the population most at risk, but there is, at
present. no completely clear g:nm ition of the mc:t relevant parameters
of risk. both for the individual and for society.

In the case of a society, it is possible, on the basis of even so gross
a measure as the volume of research published in certain particular
aress, to sketch out at least & preliminary outline of a risk hierarchy

)
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concerned with moderate cannabis use, and another such hicrarchy
concerned with excessive and/or chronic use.

So far as a community, or a society is concerned, three of the :najor
areas 'Ith interegtl for x?oderato canna 'bé,s use h.;veu;bﬁm these:

1. The possibility of progression to the use of either more or stronger
marihuana, or to other stronger drugs (whether they be hallucinogens
or narcotics) ;

©. The possibility of the development of psychic dependence and/or
psychiotic reactions; . .

3. The possibility of the commission of crimes while under the in-
fluence of cannabis. .

Among the reputed effects of marihuana mentioned in many discus-
sions in past vears is that of progression to stronger drugs, especially
tvl:le opiates. Th; usual explanation has geeg ]t:x:(;.s marihuana use de-

ops a “taste for drug intoxication” whic 3 to t.rymg stronger
drugs. There have been numerous debates on the subject. Now it is
generally agread that whatever association exists between use of mari-
huana and other drugs for a particular group must be examined for

contingent or quali conditions.

More mn&y?ilt%n argued that marihuana use can substifute
for use of alcohol. The explanation has been that marihuana provides
relaxation and euphoria, as alcohol does, but in having less unpleasant
side effects, will be seen as more desirable.  _ .

The first of these assertions (the progression hypothesis) has been
detailed with evidence from several kinds of studies: compilation of
hospital and nErison records, sample surveys, and interview studies of
selected populations. None, however, has been a prospective or longitu-
dinal stady designed specifically for the purpose of testing the progres-
sion hypothesis or, for that matter, the substitution hypothesis. Thus,
conclusion about the relationship are based on evidence that is far
from ideal for that

Recent observations that heary involvement with drugs usually
involves simultaneous use of two or more drugs in more or less plan-
ned patterns, should lead to a change in the question itself. That is,
it should no longer be assumed that use always develops se-
quentially, the user being on one drug until he turns to another. The
research question perhaps should be: Under what social or psycho-
logical conditions do persons use drugs of different kinds in various
combinations and patterns?

Tar Procression HyrorHESIS

o before the recent debate over this effect, the Indian Hemp
Commission of 1893-94 found no evidence in the Indian population
that marihuana use was a stepliinﬁnsstone to the use of opiates in any
substantial number of people. It been observed and reported in-
numrie;able %?thWcaﬁmmmm veused
marihuana before becoming cted to the stro: drugs. This fact,
by itself , has been convincing to many. Am; theieroinusersstudied

Chein, for example, 83 of a total of 96 used marihuana previ-
ously (9). In a study by Chapple, it was concluded that the connec-
tion between marihuana use and heroin addiction could not be ac-
counted for simply on the basis that both drugs were available from

.(./"_m .
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the ?nneglidt tﬁum (7). _Alt.llx‘ongh the autzﬁ‘ c:n%ujions did bz:
actually favor rogression hypothess, & v Cham
and Ball was c'madP frequently to show that 9very70% of the addicts
in the study had used marihuana prior to their use of beroin (1).

. Gradually recognition has come that the answer to the question Iay
in a clearer formulation of the problem. Dichard Blum stated in

Task Force Report of 1967 :
With reference to the belicf that marihuana causes heroln use in the sense
that it predestinesmusenomoon to bigger things, there are two critical tests:

one asks what proportion of marihuana users do not go on to heroin : the otber
test axks if maribuana use Is an inevitable asd pecessary p tion of heroin

Alost persons who experimented with maribuana do not try heroin, some bheroin

users even in slum cultures . . . have not first tried marihuana, and among
Mwsnmmxmﬁhmunnmberdmmmmamm
likely to be present Among be i tion with other illicit

A test of the last of the above hypotheses was carried out by Robins
ct al. on ive data collected from Negro men i their early
thirties (18). Only & minority of marihuana users went on to try
heroin: anddﬁnkmgintumusnallyprecededmmhnana use. Mari-
huana use was associated with later alooholism, however. The autbors
speaxhtedthatmarihumusemayincreasethenskofaloohohsm,
which itself appeared to account $or some of the other adult troubles
seenamongthosewhoalsousedmarihnana- . .
The BaﬂzChambersandBallstndy sl_lou_ldbe_suquanmds_mcext
6 50 often cited and represents other studies in which opiate addicts are
the initial gro for investigation (1).Thesea:_uthorse;amme&reegrds
and interviewed a portion of 2 sample of addicts admitted to Lexing-
ton and Fort Worth bospitals during 1965. They found not one but
several patterns of association between marihuana and opiate use.
Onewaszposiﬁveassociationfonndms_ixtgepSutm‘rﬂh
addiction rates. This was seen among those individuals who were apt
to be deviant on most variab ArT : r ¢
set of opiate use, intravenous administration of opiates, heroin use, and
obtaining from underworld sources. The other pattern was a
lack of association between marihuapa smoking and opiate use, found
in twelve Southern States, where opistes other than heroin were more
typical. The authors concluded that the smoking of marihuans ciga-
rettes does not necessarily Jead to opiate addiction, but that
marithuansa ing had increased among opiate addicts m the US.
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The details of relationships between drugs are being spelled out in
recent reports. Some show that heavy (frequent, regular) use of 2 given
drug (such as marihuana) is much more iikely to be associated with
use of other drugs than is light use or experimentation. In one study of

college students, for example, the followm% percentages of users in
each category of marihuana use had used other drugs (10) : 100% of

daily marihuana users had used other drugs; 84% of weekly marihuana
users had used other drugs; 22% of monthly marihuane users had used
other drugs: 20% of marihuana experimenters had used other drugs;
0% of marithuana abstainers had used other drugs. .

Other drugs tried in order of fiequency were: hallucinogens, “down-
ers,” “uppﬁ” ish, and hard drugs. Another study of nine
campuses produced a similar finding : that the heavier th:e involvement
with a given drug, the more likely it was that the student was involved
in more than onedrug (16). _

These studies seem to point toward a “dnv;; proneness” factor. In
fact, Blum's factor analysis of students’ use of ail drugs measured on
five campuses indicates J:tst that : “a general disposition toward psycho-
active Jruguse . . . (that) . . . reflectsthe widespread willingnessto
use a variety of drugs as tools to alter states of consciousness, biological
cycles, and social relations™ (4). Blum also found two subsets of dis-

itions linking particular drugs. One factor was identified as style of
s.or;.gt‘ use by source; tha separate components were (a) ccnventional
social-drug use, such as alcohol and tobacco and (b) the employment
of illicit-exotic substances, expecially marihuana and the hallucinogens.
Less clearcut was a style of reliance on prescription drugs. The place
of opiates in this analysis was also unclear, but the proportion of the
student body using opiates on any campus was miniscale—1-2%.

Findings from a recent stucig of marihuana smokers, main! ’{ white
middle-class, are consistent with a developing theory of multiple drug
use (11). The most potent variable in determining use of drugs other
than marihuana is 20w much the person smokes marihuana. At that
point, heavy marihuana use, according to the author, tends to “impli-
cate the individual in tense and extensive social interaction with other
marihuana users,” involves him with numerous marihuana users and
in numerous marihuana-related activities, alters the role of marihuana
as a relevant criterion in his conceptions of others, and changes his
conception of himself as a user. Moreover, it increases the likeli-
hood of his taking drugs, in addition to marihuana, of which the sub-
culture approves. In middle class groups, the approved drug would
most likely be LSD; in ghetto groups, heroin.

The above hypothesis was confirrned in another recent study that by
chance had a preponderance of black over white respondents (12).Ina
group of marihuana users who had not used heroin at the time of the
study, those who had had an opportunity to try heroin tended more
often to be black, to have tried other drugs, to know heroin users, and
be intensive users of other

In the next few F&rs, more will be known about the chronological
sequence of multiple drug use and some of the factors associated with

ing use patterns. One study to begin in 1971 will be a Jongitudinal
study of junior and senior high school students over & period of
in which 8 determmation be made of sequence and duration o
use of both illicit and legal drags (20). _
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Tae Svestirorion HyrorHESIS

The possibility that marihuana might .erve as a substitute for
alcohol Eas been suggested most often by drug “advocates.” The com-
mon argument about the relative harmlessness of marihuana and
alcohol implies in part that the former would be preferred and chosen
instead of the latter. Almost all surveys where measures of use of both
drugs have been cross-tabulated have shewn, however, that there is
clearly an association betweer: drinking and using marihuana (2, 4).
(Usually use of tobacco is also associated.) The association is statistical,
not causal, and questioning has not designed to show whether drinking
preceded, accompanied, or followed the use of marihuana. Indeed, it
may simply reflect the fact that marihuana users, based or. education
an! famﬁ background, are less traditional or conservative in several
respects. It is known theugh that for almost all adolescents, the first
psychoactive drug was alcohol or tobacco.

Findings on the use of the two drugs in a follow up study in San.

Francisco has been rted as a reversal of the marihuana-alcohol
1('e1a)tionship, however. There, marihuana users report less use of alcohol
15).
More extensive analysis of existing data and inclusion of these vari-
ables in future studies will illuminate these relationships.

Caxxasis axp Crpee

The arguments relating cannabis to crime geperally fall into three
major categories: . . . .

1. Loss of control during intoxication and indulgence in impulsive
and irrational acts of violence, particularly in the case of a psychotic
reaction;

2. Loss of a sense of moral discipline and inhibiticn, an increasing
number of associates drawn from criminal ranks;

3. Direct contribution to crime by fortifying the criminally inclined
to commit anti-social acts. o

It is of interest to note that the Indian Hemp Commission, as far
back as 1893, devoted itself to a consideration of all of the issues men-
tioned above, under the terms of its mandate which had to do with the
effects of the consumption of hemp drugs on the “social and moral”
conditionsof the people. L o

In attempting to reach conclusions about the involvement of mari-
huana users in violent crime, the Commission first distinguished be-
tween the moderate and the “excessive” user. Even in India at the time
of the report, when there was a greater overall number of users, when
the cannabis rg%mtions in use were 5pt to be much stronger than the
type used in the United States today, the greatest proportion of users

e Commission began by asking approxima 1400 witnesses,

drawn from diverse regions of India, thigqnestion: ‘&re consumers of
cannabis offensive to their neighbors?” The theorv behind the use of
this question was of course, the idea that this kind of a query would

serve to elicit an? mention of aggressive or violent behavior, since thess -

behaviors be offensive to their neighbors. Oaly abou: 700 of the
witnesses stated that they knew anytbl;ng at all about the issue; which
would IJead one to conclude that they had not had any experience with
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offensive behavior or the part of their neighbors. Of the seven hundred
witnesses who said that they did have some knowledge of the issue pre-
sented, six hundred stated that moderate consumers were not offensive
to their neighbors and could not be distinguished from total abstain-
ers. Of the one hundred witnesses who did find cannabis users offensive,
most were referring to heavy users, and even so-they were not speaking
of aggressive behavior, but of behavior such as “excessive coughing
or expectoration,” or the bad examples set to neighboring children.

‘When the issue was put even more‘grecisely, and the Commission’

asked the witnesses direct questions about crime, a majority of the
witnesses (8 to 1) held that,moderate ccnsumption of these drugs had
no connection with crime in general, or with crime of any particular

character. This is not to deny that some users of cannabis did commit

crimes, but it should be borne in mind that the majority of cannabis
users in India were drawn from the lower classes and the crime rate
in this irou (particularly the rate for violent crimes) then, as now,
was higher than it was among the middle and upper classes.

In any event, the social threat of cannabis-induced violence rests not
so much on thz demonstration of the existerce of a relationship, bat
on the prevalence of such violent incidents. The Indian Hemp Com-
mission concluded that the overall incidence of cannabis-induced vio-
lence was negligible. ' ‘ ‘

A good deal of the material on cannabis use in present day India
relies on the research work of the Chopras, three physicians who have
been writing about various asgacts of cannabis consumption in their
native country for the past thirty years. The Chopras’ most recent

statement, largely & summary of their previous worlfiréS-) asserts,’

“With recard to premeditated crime, in some cases the drugs (bhang,
ganja and charasg net only do not lead to it, but actually act as de-
terrents. One of the most important actions of cannabis is to quiet
and stupefy the individual so that there is no tendency to violence.”

Literature from Eastern countries, unlike that emanating from the
West. provides some evidence that cannabis conncited and/or sup-
Eosedly cannabis-induced psychotic reactions are often accompanied

v “excitation and impulsivity liakle to produce serious anti-social re- -

actions (19). It is likely that disruptive behavior plays a significant
role in determining whether or not an individual with an acute can-
nabis psychosis is hospitalized. This behavior is most likely to be per-
ceived and dealt with summarily, if the individual exhibiting it is a
member of a lower socie-economic group. ‘

One comparatively early study (1938), (17) is of particular interest
in regard to cannabis and certain ¢ of vioier:i reactions. Investi-

gators in South A frica administered dagga to hospitalized psychiatric

patients and found that 35% of them exhibited marked motor excite-
ment and were extremely irritable and assaultive. This is in marked
contrast to the typical cannabis reaction of quiet enphoria and lassitude,
and suggests the possibility that hyper-excitability and impulsive
behavior may not be an uncommon resction in severely disturbed
individuals. - T
In tFe United Kingdom, the Wootton Commission stated (196g),
(6), “The taking of cannabis has not so far been regarded, even by
the severest critics, as a direct cause of serious crime.” The LeDain
Commission, in Canada, came to similar conclusions. T

92

o 'y



93

There have been few statistical studies which have addressed them-
selves to the overall incidence of detected crimes among cannibis users,
but on balance they tend to show an associational basis between canna-
bis use and minor asocial or anti-social behavior, no¢ between cannabis
and major crime. Those studies which begin with a scmple of persons
arrested for cannabis offenses generally show a much higher positive
correlation with other delinquent behavior than do studies which
begin_with a more representative sampling of cannabis users. One
study of the latter ty&a is the one conducted by Richard Blum on five
college campuses in the Jate sixties. Blum found, among his college
respondents, that of the 19% who said they had used marihuana,
only 1% reported getting into fights while under the influence of the
drug. This was in marked contrast to the statements about alcohol.
About 949 of the total sample had tried alcohol, and 8% of these re-
ported fights after drinking. _

In the United States, we have had far fewer studies devoted to can-
nabis use among members of lower socio-econormic groups and members
of minorities than studies of marihuana usa? on co ege campuses.
One of these studies, however, The World of Youthfui Drug Use, by
Professor Herbert Blumer and his associates of the University of
California, is a very comprehensive examination of the relat.ionshig
between drug us: and life style in general of members of deprive

ups. This study indicates that although examples of violent crime,
elinquency and arrests are far more common among deprived Mexi-
can-Americans and Megroes than among college students, marihuana
is no more likely to be associated with aggressive acts in this popula-
tion than it is In the college population.

The Blumer study found that for the most part the po?ulation
studied could be divided into two major culture groups—the “rowdy”
and the “cool.” The member of the rowdy U}ill;lac{ be characterized
as “aggressive, boisterous, wild and undisciplined. He is disposed
toward fighting, seizes on any drug, but prefers alcohol, and is ready
to engage in the more serious and violent forms of delinquent be-
havior.” The rowdies use marihuana, as do most other youths in the
ghetto, but their use seems to be considerably less than average in this
Eopula.tion. Tt would seem that the so-called calming effects cf mari-

uana do not fit in with their personalities or their preferred life styles
and they turn to other drugs.

The “cool” culture, according to Blumer, means “being unruffled in
eritical situations, keeping one’sghead, acting wisely, showing calm cour-
age, controlling one’s voice and behavior, being smart and not provok-
ing trouble, but being able to handle oneself calmly in troublesome
situations.” A considerable number of yo rs make their way
from the rowdy group to the ranks of the cools, and Blumer reports
that “the passage from the rowdy to a cool and mellow youngster,
as it relates to the use of drugs, involved chiefly a shift to the smoking
of marihuana.” The young informants themselves believed that mari-
huaua both produces and bolizes 2 mellow mode of conduct that
is opposed to that associated with rowdy behavior.

One of the most meaningful, if not the most meaningful ways of
assessing the contribution of cannabis to aggressive behavior, and to
crime and violence, is through a comparison with alcohol. The latter
provides an established bas‘:i'ne threagh reliable statistics, as well as
through everyday experience. Authors throughout the world when

93

-



94

comparing the properties of alcohol and cannabis almost .invarial_)g
conclude that tne former is much more likely to be associated wi

violence.
In swnmary, and on balance, it would seem that cannabis use is 8

relatively minor contributor to major crimes and violence in any coun-
try in the world in which it is used.
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RESEARCH NEEDS AND FUTURE DIRECTIONS

This section is intended to give some indication of future research
needs and of the Department’s program to provide the data needed
to adequately explore the health implications of marihuana use. It
should be emphasized that the issue of marihuana use in our soclety

_is complex and also involves moral, philosophical and legal questions
which are unlikely to be resolved by scientific research. Wha

tever the
ultimate resolution of these issues of values, it is essential that there
be adequate understanding of the health implications of millions of
Americans using marihuana in order that the individual and the
society may more raiionally approach the issue. . .

In Tetrospect, much has already been accomplished in expanding
our understanding of marihuana since the Department, through its
National Institute of Mental Health, embarked on a high priority
marihuana research program. An adequate supply of well standard-
ized natural and synthetic materials has been developed and 2 com-
prehensive program of research is currently being supported. The
results of some of this ongoing research are summarized in this report.
As time passes, additional information will become avzilable so as
to provide a more complete picture of the implications of marihuana
use at various dosage levels and in differing use patterns.

While much has zflready been learned about the chemistry and the
acute physiological effects of cannabis and related synthetics, much
remains to be learned. More careful study is needed of the known
psychoactive compounds, how they are metabolized and the role of
their metabolic products in producing 2 range of acute and chronic
effects. It is also important to understand the possible influence of
other constituents of cannabis which may not in themselves be psycho-
active but may nevertheless influence the action of those constituents
which are.

The question “what is the active component of marihuana” has
been partially resolved. Delta-9-THC, probably acting through a
metabolite (li;laydroxy-THC) appears to be the principal compound
in the plant producing psycbic effects. However, the influence of many
other ingredients of marthuana, such as cannabinol, cannabidiol and
the various acid precursor forms of these compounds and THC must
be investigated as they may affect the psychoactivity of THC (or
hydroxy-THC). There may be other substances which are water
soluble, in contrast to the oil soluble cannabinoids, which may also
contribute to the overall drug action.

Some of the effects which may be due to chronic heavy marihuana
use are changes in personality, motivation. short-term memory and
other disturbances of thinking. The ibility that some substances,
remaining in the body longer than THC (or ever hydroxy-THC),
max be causally related to these effects must be entertamed. If this 1s
5o, these substances should be isolated or made synthetically and their
effects and influence on THC action studied.

(¢7)
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A major difficulty encountered in the early portion of the metabolism
studies was that of measuring THC after it has entered the body. This
was found to be due to its rapid transformation into hydroxy-THC
and other degradation products. However, as THC is metabolized it
becomes a more polar compound more difficult to Separate from other
body constituents.

Several ways can be recommended to deal with this. Further devel-
opment of the very sensitive techniques of radio-immunoassay (im-
mune reactions usng radiolabelled compounds) should be capable
of achieving the selective and sensitive determination of THC and
its metabolites. Other techniques which may be useful are combining
ﬁns chromatography with mass spectrometry and the use of spectro-

uorometric analysis. '

It is important to develop convenient techniques which quantita-
tively measure the amount of psychoactive material which is absorbed
into the body following marihuana smoking or ingestion. Such meas-
ures would be analogous to present blood alcohol tests used to deter-
mine levels of alcohol intoxication.

The use of marihuana by man is seldom divorced completely from
the use of other drugs. One of the principal difficulties in studying
marihuana is that users frequently also use LSD, amphetamines, alco-
hol, heroin and other drugs. In addition, most people use an extremely
long list of common drugs such as aspirin, tranquilizers. caffeine, anti-
histamines, antihypertensives, antibiotics, etc. The possible interactive
effects of these various drugs are not now known and need study.

The interactions between barbiturates and marihuana, especially in
the brain and liver, should certainly be studied in order to anticipate

roblems such as now occur in the simultaneous uss of alcohol and
arbiturates. In fact, the admixture of all three—alcohol, barbiturates
and marihuana—will predictably occur and must also be studied.

Despite the increase of marihuana research papers since 1968, some
actions of marihuana are incompletely understood and their possible
sienificance for health cannot at present be evaluated. These areas are
discussed under the classical organ systems approach commonly used
In medicine.

(1) Cardiovascular system.—One of the most reliably reproducibla
indicators of marihuana action is the characteristic acceleration of the
heart beat. In addition, large or toxic doses produce & fall in blood
pressure. Despite repeated observations of these effects in animals and
man, l;l;elr mechanisms and toxic significance is largely a matter of
speculation.

A few basic studies on the mechanisms of these actions have been
done but they do not yet provide adequate explanation. Studies are
needed on mo{a.ted and intact hearts and cardiovascular systems as well

as a careful checking of the cardiac Se_rformanoe of human marihuana-

using subjects. An authoritative evaluation of the risk of this drug for
those with heart disease is needed. The risk involved in marihuana
use by older le being treated for cardiac conditions with drugs
sm?ést: : fu °nldal'rﬁbem : clue linking THC with the Ii
wer function.—The primary clue linki wi ver
been the involvement of this organ in transforming THC into hy-
droxy-THC and other metabolites. marihuana use appears
nowhere near as hepatotoxic as alcohol, function of this organ
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ghould be carefully evaluated by well known clinical tests and in
mcmwt&v biopsy. Again, the risk of marihuana in persons with
limited liver function should be assessed.

(3) Gastrointestinal function—Since some users take marihuana
orally, the Jointestinal effects of this drug must be evaluated.
There is evidence that the drug in large amounts can slow oln-
testinal passage of an experimental meal and relax an isolated in-
testine. The sometimes reported increase in appetite following mari-
huana smoking may also be related to gastrointestinel effccts in the
gastrointestinal tract.

Observations made during metabolism studies have shown a marked
persistence in the gastrointestinal tract of certain derivatives of THC,
particularly d1~hy%roxy THC. This appears to be caused by a cyclic
process in which the liver secretes metabolic products into the bile and
then into the intestine where they remain or may be reabsorbed for
recycling. This, and the fact that eating is 2 primary routs of maril-
huana intake, suggest the need for a careful research consideration of
marihuana and intestinal function in the future.

(4) Neuroe ine effects of marihuana.—Little research has been
done on the neuroendocrinological effects of chronic marihuana use.
Almost ali other drugs with stron ;isychotropic action such as tran-
quilizers, antidepressants and alcohol can elicit disturbances of those

ms controlling stress reactions, gonadal function, growth and the
like. Careful studies will be needed 1n order to evaluate possible risks
to patients with all sorts of mild endocrine disorders of the pituitary,
thyroid, adrenal and other glands.

(5: ung_function—Because smoking is the typical mode of use of

thuana in America, studies of its effects on lung function are of
considerable potential importance. Carcincgenic lLiability of mari-
buana should be investigated using dogs and other animals trained
to inhale smoke. Detailed microscopic investigation into the effects of
chronic marihuana smoking on the living cells of the trachea and
bronchi must be completed, even though g iminary riments have
not shown this form of smoking to be as damaging as tobacco smoking.

(6) Brain function—This is the most important area of future re-
gearch. It is of critical importance to know the role of chronic mari-
husana use in some of the behavioral and intellectual ~hanges that bave
been reported as associated with use. Apart from the implications of
chronic, heavy use of such materials as hashish, it is of critical impo~
. tance to know what, if any, are the implications of use at the muc:
Jower levels already occurring or likely to occur for substantial nur
bers of the population.

Although laboratory research is an important aspect of the study
of the relationship of marihuana and health, it must be emphasized
that the answers are not ultimately to be found in animal research or
in laboratory studies of acute human administration. While sach re-
search may provide important clues as to tlelxeeguestions to be posed, the
most important of these can only be answ by careful observation
and testing of the many users, here and abroad, who are, in effect, ex-
perimenting on themselves. To date long-term chronic studies bave
not generally been possible with American populations. It will be some
time before long-term users exist in adequate numbers to assess the
impact of American using habits and exposure to cannabis. Mean-
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whils continuing efforts are being made to develop a saries of over-
seas studies with a range of human user populatiors at different levels
of use so as to learn the health implications of varying patterns of
use. Two such studies are now in progress. In order to control for
different variables and to cope with the inevitable deficiencies of any
one study, several more will be needed.

In evaluating patterns and histories of use °t is important to know
more about differences which may be associated with particular ethnio
and subcultural aspects.

Little is at present known about the factors that play a mole in
determining long-term patterns of drug use such as patterns of child
rearing, parentaT attitudes and their nal drug use. How do these
affect the use patterns of children? There is evidence that the ways
in which parents use tobacco and alcoho!l are correlated with their
children’s use. Almost certainly parental attitudes and behavior are
related to the use of illicit drugs as well.

“To date marihuana use has been largely confined to the youthful
rtion of the American population—an age group in some respects
east likely to show ill effects of a drug. As more representative por-
tions of the population experiment with the drug, it mes increas-
ingly important that we know the implications of use for individusls
who may be less physiologically or ?ychologically resilient and who
may have a variety of disabilities. This is important not only from
the standpoint of chronic use, but also to understand the implications
of acute usage for various types of performance and functioning, in-
cluding such everydsy tasks as driving.

Finatiiy, it is of iniportance to develop effective methods of preven-
tion and education that are likely to deter individuals of all back-
zrounds and at all levels of risk from adopting pernicious Zatterns
of drug use whether of marihuana or of other drugs ab in our
society. To do so we need to better understand the factors in cur own
and in other cultures which help to socially control drug use and te
jnhibit drug abuse. Although research in these areas frequently lac'ss
the precision ible in laboratory sciences, it msy prove to be in
the end “he most important in averting abuse and its hzalth
consezuences. Such research should certainly inciide a better under-
stending of those aspects of individaals’ lives that serve i make drug
abuse less attractivs and provide tenable alternatives to drug use.
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